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MAJOR-GENERAL Q. A. GILLMORE.* 


Quincy Adams Gillmore, Major in the | thoroughly awakened ; his progress was 


Corps of Engineers, Brevet Major-Gen- 
eral in the Regular Army, Major-General 
of Volunteers, and the great artillerist 
and engineer of the war, was born at 
Black River, Lorain County, Ohio, on 
the 28th of February, 1825. 

His parentage was of mingled Scotch- 
Trish and German extraction. His father, 
Quartus Gillmore, was in his earlier 
years a farmer in Massachusetts, but as 
early as 1311, while but 21 years 
of age, he moved to Lorain County, 
Ohio, and became a pioneer on the 
“ Western Reserve.” He married in 1824 
Mrs. Elizabeth Smith, a widow lady, and 
a native of New Jersey. Their first born, 
the subject of our sketch, first saw the 
light on the day that the intelligence was 
received of the election of John Quincy 
Adams to the Presidential chair. The 
father expressed his gratification at the 
result of the election by at once naming 
his son Quincy Adams. 

The early years of the lad were all 
spent in this agricultural region ; his 
summers while yet of tender years being 
devoted to farm labor, and his winters to 
such mental improvement as the quarter’s 
schooling during the cold months could 
afford. At the age of 13 he was 
sent for the winter to Norwalk Academy, 
some 25 miles from home. His 
ambitious spirit seems now to have been 
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such that he soon became a teacher with 
some of his former classmates for pupils. 
He did not relax his efforts, however, for 
improvement ; in the intervals of labor as 
teacher, he was a student, and at Elyria 
Academy gained the first place in Eng- 
lish composition. This was in 1845, 
when young Gillmore was 20 years 
of age. At this period his biographer ac- 
cuses him of a poem. It is believed to 
have been his first and only one. In his 
justification it is urged that the merit of 
the production was such that it was 
offered as a testimony of superior talent to 
Hon. E. S. Hamlin, member of Congress 
for the district, and who was seeking for 
a West Point student. 

The author of the poem was offered the 
vacant scholarship ; after a few hours 
consideration he accepted it and received 
the warrant. 

In the first year he gained the first 
place in his class in mathematics, and at 
the end of the fourth year graduated at 
the head of it. 

He married in the year of his gradua- 
tion Miss Mary O’Maher of West Poiiit. 

His class standing determined his as- 
signment. He was made brevet second 
lieutenant in the Corps of Engineers. 

After three years’ service on the fortifi- 
tions at Hampton Roads he was ordered 
back to West Point to serve as instructor 
of military engineering. 

At this post, and during this period, 
1852-1856, the experiments with round 
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projectiles were made against masonry, 
which in connection with Lieut. Gill- 
more’s scientific study produced such 
valuable results a few years later. In 
July, 1856, he was promoted to a first 
lieutenancy and ordered to assume charge 
of the Engineer Agency at New York city. 
Here he engaged in an elaborate series of 
experiments with limes and cements with 
special reference to their use in the ma- 
sonry of the fortifications. This resulted 
in his well-known book on “ Limes, 
Hydraulic Cements and Mortars.” 

During the same period he wrote a 
paper on a cement from quartz for the 
American Association for the Advance- 
ment of Science, and also some sugges- 
tions for the defence of the Lake Coast, 
which latter attracted the attention of the 
War Department. 

In August, 1861, Lieutenant Gillmore 
applied for active field duty. The war 
had commenced, and the lieutenant’s 
services were called in requisition in aid- 
ing to fit out the expedition against the 
coast defences of South Carolina. He 
was made captain of his corps, and made 
chief engineer to General T. W. Sher- 
man. 

Through November and December, 
1861, he was engaged in fortifying Hilton 
Head, upon which the troops had de- 
scended a month earlier, after the his- 
torical bombardment by Admiral Dupont. 

The Commanding General next turned 
his attention to Savannah, and here we 
will quote in full the words of the histo- 
rian of this siege. 

Fort Pulaski stood in the way. Situated 
onone of the marshy islandsalong the coast, 
neither land nor water, that yet offer to 
miltary movements the special obstacles 
of both, it seemed secure against land at- 
tacks. But it covered both the channels 
of the Savannah River, and, while it stood, 
the way to the threatened city was closed. 
Late, therefore, in November Captain 
Gillmore was ordered to make a thorough 
reconnoissance of the locality. On the 
29th he set out ; on the lst of December 
he made his report. The one feature of 
the report was this: “I deem the reduc- 
tion of Fort Pulaski practicable by bat- 
teries of mortars and rifled guns, estab- 
lished on Tybee Island.” And five days 
later, in another communication, he speci- 
fied the armament he would ask for the 
undertaking: “Ten 10-in. sea-coast mor- 





tars. 10 13-in. do.,8 heavy rifled guns, 
and 8 columbiads.” 

The assumption of the young engineer 
was to the older members of his corps, 
and to the officers of the army generally, 
a matter of astonishment. The site for 
his proposed breaching batteries was an 
island 1,700 yards distant from the fort. 
The limit for practicable breaching of ma- 
sonry forts was supposed to be 1,000 
yards ; and, except under peculiarly fa- 
vorable circumstances, no one thought 
such an effort advisable at a distance 
greater than 600 or 700 yards. Since the 
invention of gunpowder, in no war and 
by no General had the reduction of hos- 
tile forts been attempted by means of 
batteries even 1,000 yards distant. Here 
was & young captain of engineers, abso- 
lutely without experience in war, propos- 
ing to reduce a fort which had been 
recently pronounced by a competent 
military critic (Mr. Russell, of the London 
‘Times ”) impregaable to land attack, by 
batteries located nearly three times as far 
away as in any successful bombardment 
on record. Confederate Gen. R. E. Lee, 
in the winter of 1861-62, assured the 
commander of Fort Pulaski, that he had 
nothing to fear from Tybee Island, it 
being not within dangerous distance. 

The standard authority of the army 
had this verdict on the possibility of such 
an undertaking : “An exposed wall may 
be breached with certainty at distances 
of from 500 to 700 yards, even when elev- 
ated 100 ft. above the breaching battery ; 
and it is believed that, in case of extreme 
necessity, it would be justifiable to attempt. 
to batter down an exposed wall from any 
distance not exceeding 1,000 yards, but 
then the quantity of artillery must be con- 
siderable, and it will require from four to 
seven days’ firing, according to the number 
of guns in battery, and the period of day- 
light, to render a breach practicable.” 
Captain Gillmore proposed to go 700 yards 
beyond this extreme limit fixed by the 
authority then regarded as final on all 
such engineering questions. 

Save his own experiments with smooth 
bores, however, and the theoretical views 
they had suggested and confirmed, he 
could point to no authority to sustain 
him. Breaching at 500 to 700 yards 
had been the Timit to the undertak- 
ings of European armies against ma- 
sonry forts. Absolutely no tangible 
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progress had been made, in actual prac- 
tice, since the second siege of Badajos 
in the Peninsular war, when an exposed 
and weak castle wall was breached at 
the unheard-of distance of 800 yards. 
Some noteworthy English and Prussian 
experiments, however, had seemed to 
point to the greater capacity of rifled ar- 
tillery. In 1860, a condemned Martello 
tewer on the coast of England had been 
battered down by Armstrong rifled guns, 
at a distance of 1,032 yards. General 
Sir John Burgoyne, in reporting the fact 
to the British War Department, added: 
“ Trials were subsequently made to breach 
a similar tower from smooth-bored 68 and 
32 pounders at the same range of 1,032 
yards, and the result may be deemed al- 
together a failure, both accuracy of fire 
and velocity of missiles being quite defi- 
cient for such a range.” In the same 
year the Prussian Government had con- 
ducted similar experiments on certain old 
fortifications at Juliers, which were to be 
demolished. The guns used were rifled 
breech-loaders. At 640 yards they had 
breached a brick wall 3 ft. thick with 12- 
pounders. At 50 paces they had breach- 
ed the same wall with 6-pounders. And, 
at 60 yards, they had breached a wall 6} ft. 
thick with 24-pounders; while subse- 
quently, with the same guns, at a distance 
of 90 yards, they had breached a wall 12 
ft. thick. 

Practically, this was the sum of what 
military science had to teach on the sub- 
ject of the power of artillery against ma- 
sonry forts. Beyond this, Captain Gillmore 
had progressed a little, by reason of his 
own experiments at West Point. He be- 
lieved that the capacity of rifled guns had 
not been fully appreciated. But he did 
not yet give them credit for their enormous 
superiority over the clumsy columbiads 
and other heavy smooth-bores in which 
the chief reliance was still placed. The 
English Martello tower had been battered 
down by rifled 82 and 40-pounders, at 
1,032 yards. He believed the American 
Parrotts, and other rifles, at least equal to 
the famous English gun ; he was able to 
secure 84-pounders, 64-pounders, 48- 
pounders, and 30-pounders ; and with 
these, relying on his belief that rifles 
might do more than they had ever yet 
been called upon to do, he was willing to 
undertake the. reduction of Fort Pulaski 
from a distance more than a third greater 





than in the English experiments. But he 
asked a weight of metal, in smooth-bores 
—columbiads, mortars, etc.—double as 
great as that of his rifles. 

We have seen how contrary to the max- 
ims of the books Captain Gillmore’s prop- 
osition was. Some of the leading officers 
of his own corps united in their condem- 
nation of the wild scheme which the young 
engineer presented. General Totten him- 
self, the venerable head of the corps, was 
very decided in his disapproval. Con- 
spicuous engineers furnished written 
opinions, enforcing the folly of the pro- 
ject. But the General Commanding was 
of a temper that was ready to accept dar- 
ing innovations. It does not appear that 
he was himself fully convinced of the wis- 
dom of his engineer’s proposal, but he was 
fully resolved to let him try. He accord- 
ingly endorsed the plan, and forwarded it 
to the Department at Washington for ap- 
proval. Here it was some time delayed, 
and even after the final consent had been 
obtained, the necessary artillery and ord- 
nance stores were tardily supplied. 

But about the middle of January, six 
weeks after the scheme was first proposed, 
matters had progressed so far that opera- 
tions began for the investment of Fort 
Pulaski, preparatory to the establishment 
of the proposed batteries for its reduc- 
tion. There were several tortuous and 
uncertain passages by which, at high tide, 
gunboats of light draft might evade Pu- 
laski and enter the Savannah River. 
Through some of these it was determined 
to convoy the flats on which artillery was 
floating, for batteries above Pulaski, to cut 
off its intercourse with Savannah and with 
the coast. One cause of delay intervened 
after another, till, on the 10th of Febru- 
ary, 1862, after waiting nearly a month on 
the navy, it was determined to attempt 
transporting the guns for these blockad- 
ing batteries by land. 

Up the river a few miles from Fort 
Pulaski lies Jones’s Island, the southern 
shore of which forms for several miles the 
northern bank of the stream. Near the 
middle of this stretch rose the trifling ele- 
vation of Venus’s Point, on which it was 
proposed to erect a battery. This would 
isolate Pulaski. The nearest spot where 
the soil was sufficiently solid to permit 
the encampment of troops was Dafuskie 
Island, 4 miles distant. From this place 
there was water communication between 
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New, Wright, and Mud Rivers to the shore 
of Jones’s Island opposite Venus’s Point. 
Thence, across the oozy, shaking marsh of 
the island the artillery must be transport- 
ed by hand for a distance of about three- 
fourths of a mile. What was the nature of 
the route may be inferred from Captain 
Gillmore’s description of the island: “It 
is nothing but a mud marsh, covered with 
reeds and tall grass. The general surface 
is about on a level of ordinary high tide. 
There are a few spots of limited area, 
Venus’s Point being one of them, that are 
submerged only by spring tides, or by or- 
dinary tides favored by the wind ; but the 
character of the soil is the same over the 
whole island. It is a soft, unctuous mud, 
free of grit or sand, and incapable of sup- 
porting a heavy weight. Even in the most 
elevated places the partially dry crust is 
but 3 or 4 in. in depth, the substratum 
being a semi-fluid mud, which is agitated 
like jelly by the falling of even small bod- 
ies upon it, like the jumping of men or 
ramming of earth. A pole or an oar can 
be forced into it with ease, to the depth 
of 12 or 15 ft. In most places the resist- 
ance diminishes with increase of penetra- 
tion. Men walking over it are partially 
sustained by the roots of reeds and grass, 
and sink in only 5 or 6 in. When this 
top support gives way, they go down from 
2 to 24 ft., and in some places much fur- 
ther.” 

Across this uncertain slime, a wheel- 
barrow track of plank was laid. Poles 
were cut on Dafuskie Island and taken by 
boats into Mud River to make a wharf for 
the landing of the guns, and bags filled 
with sand were carried over by the bat- 
teries. Finally, on the 10th of February, 
the hope of aid from the navy being 
abandoned, the flats on which the guns 
were loaded were towed out through the 
sluggish rivers by row-boats, against the 
tide, and landed at the wharf. At the 
same time another party on the opposite 
side of the island, at Venus’s Point, was at 
work on the platforms for the battery. 
First bags of sand were laid down on the 
oozy soil, till the whole surface was raised 
5.r6in. Then over these went a floor- 
ing of thick planks, nearly but not quite 
i: contact with each other. Across these 
at right angles other planks were laid, 
till, finally, the platform was raised some 
20 in. above the natural surface. All the 
while this work went on, the unsuspicious 





Rebel gunboats were plying up and down 
the Savannah River, in full view. Then 
at daylight the work was left, and all 
hands went back to Dafuskie. 

The next night came the hardest task. 
Over the 12 ft.deep mud of Jones’s Island 
were to be dragged, from the wharf back 
on Mud River to the site for the battery 
at Venus’s Point, 3 30-pounder Parrotts, 2 
20-pounders, and a great 8 in. siege how- 
itzer. The Captain shall tell us how this 
seemingly impossible task was accomplish- 
ed ; 
“The work was done in the following 
manner : The pieces, mounted on their 
carriages and limbered up, were moved 
forward on shifting runways of planks 
(about 15 ft. long,1 ft. wide, and 3 in. 
thick), laid end toend. Lieutenant Wil- 
son, with a party of 35 men,*took charge 
of the two pieces in advance (an 8 in. 
siege howitzer and a 30-pounder Parrott), 
and Major Beard and the Lieutenant, with 
a somewhat larger force, of the 4 pieces 
in the rear (2 20 and 2 30-pounder Par- 
rotts). Each party had one pair of planks 
in excess of the number required for the 
guns and limbers to rest upon, when clos- 
ed together. This extra pair of planks 
being placed in front, in prolongation of 
those already under the carriages, the 
pieces were then drawn forward with the 
drag-ropes, one after the other, the length 
of a plank, thus freeing the two planks in 
the rear, which, in their turn, were carried 
to the front. This labor is of the most 
fatiguing kind. In most places the men 
sank to their kneesin the mud; in some 
places much deeper. This mud being of the 
most slippery and slimy kind, and perfectly 
free from grit or sand, the planks soon 
became entirely smeared over with it. 
Many delays and much exhausting labor 
were occasioned by the gun-carriayes slip- 
ping off the planks. When this occurred, 
the wheels would suddenly sink to the 
hubs, and powerful levers had to be de- 
vised to raise them up again. I authoriz- 
ed the men to encase their feet in sand- 
bags to keep the mud out of their shoes. 
Many did this, tying the strings just below 
the knees. The magazines and platforms 
were ready for service at daybreak.” 

When day dawned, therefore, the Savan- 
nah river was closed. But now a fresh 
peril arose. The artillerists, as they stood 
al out their newly-planted guns, presently 
perceived a foe creeping up, around, and 
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upon them, against which their Parrotts 
and mortars were of no avail. The tide 
rose within 8 in. of the surface! A high 
wind would have sent it over. And the 
worst was not yet, for the spring tides were 
approaching. Captain Gillmore met this 
new danger by constructing a levee entire- 
ly around the battery, sufficient to secure 
it against ordinary seas. If storms should 
come, it must take its chances. 

A few days later and other batteries 
were planted to co-operate with this one 
in completely investing Pulaski below, and 
blockading Savannah above. Then Cap- 
tain Gillmore was ordered down to Tybee 
Island to undertake his greater work. 

On the 21st of February the first of his 
required artillery and ordnance stores for 
tie siege arrived. General Sherman now 
d-termined that his hopeful young engi- 
n2er should have all the honor of success, 
or bear all the burden of defeat ; and he 
accordingly axthorized him to act as a 
B -igadier-General (pending the appoint- 
m nt to that rank, which he had solicited 
for him from the President), and to as- 
sume command of all the troops required 
for the siege. Thenceforward he had 
matters entirely in his own hands. 

The point on which batteries were now 
to be erected was not unlike that at which 
General Gillmore had recently been labor- 
ing. Tybee Island, like Jones’s Island 
above, is a mud marsh. Several ridges 
and hummocks of firm ground, however, 
are to be found upon it ; and along Tybee 
R ads, where the artillery was to be de- 
barked, stretched a skirting of low sand- 
binks, formed by the action of wind and 
tdes. From this place to the proposed 
site of the advanced batteries was a dis- 
tance of about 2} miles. The last mile 
was in full view of Fort Pulaski, and with- 
in the range of its guns. It was, besides, 
a low marsh, presenting the same obsta- 
cles to the transportation of heavy artil- 
lery that had been encountered in the 
work at Venus’s Point. 

The first difficulty was met in landing 
the guns. The beach was open and ex- 
= and often a high surf was running. 

he guns were lowered from the vessels 
on which they had been sent down from 
the North, upon lighters, over which a 
strong deck had been built from gunwale 
to gunwale. Then at high-tide row-boats 
towed these lighters to the shore. Ropes 
were then attached to them, and the men 





on shore careened them, thus rolling the 
heavy masses of iron overboard in the 
surf. When the tide receded they were 
left dry, and the troops then seized upon 
them and dragged them by main strength 
up the sand-bank, out of reach of the next 
high tide. 

Then came the task of planting them in 
battery in the yielding marsh, in sight of 
Pulaski, without being discovered. “No 
one,” says General Gillmore, “except an 
eye-witness, can form any but a faint con- 
ception of the hereulean labor by which 
mortars of 8} tons weight, and cvlumbi- 
ads but a trifle lighter, were moved in 
the dead of night, over a narrow causeway, 
bordered by swamps on either side, and 
liable at any moment to be overturned, 
and buried in the mud beyond reach. The 
stratum of mud is about 12 ft. deep ; and 
on several occasions the heaviest pieces, 
particularly the mortars, became detached 
from the sling-carts and were with great 
difficulty, by the use of planks and skids, 
kept from sinking to the bottom. Two 
hundred and fifty men were barely suffi- 
cient to move a single piece, on sling-carts. 
The men were not allowed to speak above 
a whisper, and were guided by the notes 
of a whistle.” 

The work went on without discovery, 
and apparently without even arousing the 
suspicions of the fort. Its seeming im- 
practicability was its safeguard. The bat- 
teries nearest the fort were carefully 
screened from observation by gradual and 
almost imperceptible changes in the ap- 
pearance of the brushwood and brushes in 
front of them—no sudden alteration of 
the outline of the landscape being permit- 
ted. Thus, in silence and in darkness, 11 
batteries, mounting heavier guns than 
were ever before used in the United States 
service, gradually arose before the unsus- 
picious fort. As the dangerous part of 
the work was completed less care was 
taken about discovery, and the enemy 
finally learned the location of two of the 
less important batteries ; of the very ex- 
istence of the others he would seem to 
have had no conception. 

By the Ist of April a change in the 
command of the department had been 
made. The popular impatience at the 
lack of results under General Sherman’s 
management had led to his removal. Gen- 
eral Hunter, on taking command, found 
the investment of Pulaski complete, and 
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the preparations for opening the bom- 
bardment well advanced. He inspected 
the work, but made no change whatever. 
General Gillmore was left in command, 
and eight days later was ready to open 
fire. 

For eight weeks the troops had been en- 
gaged, day and night, in the most exhaust- 
ing labor, at an inclement season, and in 
the most malarious of localities. They had 
completed 11 batteries along the coast of 
Tybee Island nearest Pulaski, at a distance 
from the fort ranging from 3,400 to 1,650 
yards, and had mounted 36 heavy guns, of 
which 10 were rifles, as follows ; Two 84- 
pounder-James, 2 64-pounder James, 1 48 
pounder James, and 5 30-pounder Par- 
rotts. The smooth-bores were, 12 13-in. 
mortars, 4 10-in. siege mortars, 6 10-in. 
columbiads, and 4 8-in. columbiads. It was 
soon to be seen that most of this array 
of smooth-bores, on which 3-4ths of the 
time and labor had been spent, was use- 
less. The whole length of the line formed 
by these batteries was 2,550 yards. In 


front of it, with 7} ft. thick brick walls 
standing obliquely to the line of fire, ona 
separate little marshy island a mile or 


more distant, stood Pulaski, isolated from 
Savannah by the batteries up the river, 
but still able to keep up frequent com- 
munication by courier through the swamps. 
On the evening of April 9, 1862, Gen- 
eral Gillmore issued his general order for 
the bombardment. It wasremarkable for 
the precision with which every detail was 
given. The directions for the 3 breach- 
ing batteries will illustrate : 
“Battery Sigel (5 30-pounder Parrotts 
and 1 48-pounder James) to open, with 
4? second fuses, on the barbette guns of 
the fort at the second discharge from Bat- 
tery Sherman. Charge for 30-pounder, 
34 lbs.; charge for 48-pounder 5 lbs., ele- 
vation 4 deg. for both calibres. As soon 
as the barbette fire of the work had been 
silenced, this battery will be directed, with 
percussion shells, upon the walls, to breach 
the pancoupé between the east and south- 
east faces, and the embrasure next to it in 
the south-east face; the elevation to be 
varied accordingly, the charge to remain 
the same. Until the elevation is actually 
determined, each gun should fire once in 
6 or 8 min.; after that, every 4 or 5 min. 
“Battery McClellan (2 84-pounders and 
2 64-pounder James) to open fire imme- 
diately after Battery Scott. Charge for 





84-pounder, 8 lbs.; charge for 64-pounder, 
6 lbs.; elevation for 84-pounder, 4} deg. ; 
for 64-pounder, 4 deg. Each piece should 
fire once every 5 or 6 min. after the eleva- 
tion has been established; charge to re- 
main the same. This battery should 
breach the work in the pancoupé between 
the south and south-east faces, and the 
embrasure next to it in the south-east face. 
The steel scraper for the grooves should 
be used after every fifth or sixth dis- 
charge. ’ 

“Battery Scott (3 10-in. and 1 8-in. 
columbiads) to fire solid shot, commenc- 
ing immediately after the barbette fire of 
the work has ceased. Charge of 10-in. 
columbiad, 20 Ibs.; elevation 4} deg. 
Charge of 8-in. columbiad, 10 lbs.; eleva- 
tion 5 deg. This battery should breach 
the pancoupé between the south and 
south-east faces, and the embrasure next 
to it in the south-east face; the elevation 
to be varied accordingly, the charge to 
remain the same. Until the elevation is 
accurately determined, each gun should 
fire once in 10 min.; after that, every 6 or 
8 min.” 

These instructions, with few exceptions, 
were adhered to throughout. For their 
striking illustration of the unerring as 
well as pre-estimated results of applied 
science, engineers and artillerists will 
hold them not among the least remarka- 
ble features of the siege. They were ad- 
dressed to raw volunteer infantry, abso- 
lutely ignorant of artillery practice till the 
siege commenced, and taught what litile 
they knew about serving the guns, in the 
intervals of leisure from dragging them 
over the beach into battery. Plainly, if 
the young engineer should succeed, it 
would only be because adverse circum- 
stances could not hinder him. 

On the morning of the 10th General 
Hunter decided to delay the bombardment 
till the garrison should be summoned, in 
his felicitous phrase, to surrender, and re- 
store to the United States the fort which 
they held. The commanding officer terse- 
ly enough replied that he was there to 
defend and not to surrender it. General 
Hunter quietly read the response ; then 
stepping to the door of his head-quarters, 
said : “ General Gillmore, you may open 
fire as soon as you please.” Ina moment 
a mortar from Battery Halleck flung out 
with a puff its great globe of metal, and 
the bombardment had begun. The enemy 
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opened vigorously, but rather wildly, in 
reply. 

It soon became evident that the fire of 
the mortars, comprising nearly one-half 
of the artillery bearing upon the fort, was 
comparatively useless. Not one shell in 
ten fell within or upon the fort. The colum- 
biads did not seem to be particularly effi- 
cient, but the rifles soon began to indent 
the surface of the wall near the south-east 
angle. Neither the garrison nor our own 
soldiers saw much in the bombardment 
promising decisive results; but by 1 o’clock 
General Gillmore was convinced that the 
fort would be breached, mainly by the 
rifled projectiles, which the telescope 
showed to be already penetrating deeply 
into the brick-work. It was also evident 
that on breaching alone, with perhaps an 
assault when the breech was practicable, 
could dependence be placed. The garrison 
could stand the mortar fire far longer than 
the assailants could keep it up. 

At dark the bombardment ceased, three 
mortars and a rifle, however, keeping up 
a 5-min. discharge through the night, to 
prevent the garrison from making repairs. 
Ten and a half hours of heavy firing from 


. the whole armament of the batteries had 


apparently resulted only in a somewhat 
shattered appearance of the wall about the 
angleon which the firing had been directed, 
and in the dismounting of two barbette 
guns, and the silencing of three in the 
casemates. But, in fact, the breach was 
almost effected, although the garrison 
does not seem to have been aware of it. 
General Gillmore had selected the point 
for the breach with special reference to 
his knowledge of the location of the mag- 
azine. The moment his rifled balls pass- 
ed through the wall of the fort, they would 
begin to strike the wall of the powder 
magazine on the opposite side of the 
work. 

On the morning of the 11th the bom- 
bardment was resumed. The damages to 
the wall soon became conspicuous, and 
the heavy shots from the columbiads now 
served to shatter and shake down the 
masonry which the rifled projectiles had 
displaced. By 12 o'clock two entire case- 
mates had been opened, and in the space 
between them the rifle balls were plung- 
ing through to the rear of the magazine. 
The danger of being blown up became 
imminent, and the commandant hastened 
to call together a council of his officers. 





They voted unanimously for surrender, 
and just as their flag came fluttering slow- 
ly down, General Gillmore was giving 
his directions for opening upon another 
embrasure. He passed over at once and 
received the surrender. 

The loss on our side was but one man 
killed, so perfect had been the engineer- 
ing skill that directed the construction of 
the defences along the line of batteries. 
The garrison of the fort lost several killed 
and wounded ; 360 were surrendered. 

The immediate result of these opera- 
tions was the total blockade of the port 
of Savannah, and the reduction of the 
principal defence of the city against at- 
tack from the sea. But their remote 
consequences were far-reaching, and con- 
stituted an era in military science. Gen- 
eral Gillmore himself has set forth some 
of them. “It is true, beyond question,” 
he says, “that the minimum distance, say 
from 900 to 1,000 yards, at which land 
batteries have heretofore been considered 
practically harmless against exposed ma- 
sonry, must be at least trebled, now that 
rifled guns have to be provided against.” 
And he confidently adds: “ With heavy 
James or Parrott guns the practicability 
of breaching the best-constructed brick 
scarp at 2,300 to 2,500 yards, with satisfac- 
tory rapidity, admits of very little doubt. 
Had we possessed our present knowl- 
edge of their power previous to the bom- 
bardment of Fort Pulaski, the eight weeks 
of laborious preparation for its reduction 
could have been curtailed to one week, as 
heavy mortars and columbiads would 
have been omitted from the armament of 
the batteries, as unsuitable for breaching 
at long ranges.” In short, he had shown 
the enormous power of the new heavy ri- 
fled artillery at unprecedentedly long 
ranges ; and in those 36 hours’ firing had 
unsettled the foundations of half the forti- 
fications of Europe and America. 

The man that did this was a young 
Captain of Engineers, who had never 
seen a gun fired in battle till on this 
expedition, who had nevertheless staked 
his success in his profession on the 
soundness of his theories about artil- 
lery, and in doing so had faced the oppo- 
sition of the talent and experience of the 
entire brilliant corps of which he was one 
of the younger and less known members. 

Within a fortnight after the surrender 
his provisional appointment as Brigadier- 
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General was confirmed by the President. 
His long exposure to the malaria of the 
marshes brought on a fever which now 
prostrated him, and kept him out of the 
tield till the ensuing August. 

The subsequent services of General 
Gillmore during the war we will recount 
briefly. 

In October following the reduction of 
Pulaski, he wes assigned to the command 
of the district of Central Kentucky. The 
comparatively light duty that devolved 
upon him in this department was well 
performed. He defeated General Pegram 
at the battle of Somerset, and drove him 
across the Cumberland. For this service 
he was brevetted Colonel of Engineers. 

Soon after this he was called to con- 
duct the operations against the defences 
of Charleston. The occupation of Morris 
Island, the capture of Fort Wagner, and 
the reduction of Fort Sumter, constituted 
the preliminary steps to the accomplish- 
ment of the ultimate object, the capture 
of Charleston. 

All that the land forces were expected 
to do was successfully performed. How 
the engineering problem of mounting 
heavy guns above the ooze of a soft marsh 
was solved is thus related by the biog- 
rapher. 

“As early as the 15th of July, reconnois- 
sances had been made to ascertain wheth- 
er there was any possibility of making this 
semi-fiuid mud, over which men could not 
march, sustain a gun of 10 tons weight, 
within shelling distance of Charleston. 
The mud was found even deeper and more 
treacherous than had been expected. It 
was so soft that the weight of the iron 
sounding-rod would carry it down half 
the depth by its own weight, and it varied 
in depth from 18 to 23 ft. A plank thrown 
d wn on its surface would shake it for 
hundreds of square yards around as if it 
had been jelly. On this surface experi- 
ments were conducted to discover its sus- 
taining power. For it was an essential 
element of the plan that the gun must be 
mounted without any use of obvious ex- 
pedients like the common pile-driver ; 
since these would inevitably disclose the 
attempt and bring down the enemy. Fi- 
nally, a bed of round logs was laid down 
dicvectly on the surface of the mud. Across 
these, at right angles, was placed another 
layer of logs, bolted down to those below. 
The interstices were filled with sand. On 





this foundation was built up a massive 
parapet of sand-bags. The platform for 
the gun was given a totally separate foun- 
dation. Through both layers of logs a 
rectangular opening had been left of the 
proper size for the platform. This was 
now shut in by a circumference of closely 
fitting sheathing piles forced down, by 
the exertions of the soldiers themselves, 
to the bottom of the mud, into the firm 
sand. Within the space thus enclosed 
the mud was covered with layers of the 
long, coarse grass which grew over the 
marsh. When this was thoroughly tram- 
pled down, two thicknesses of heavy tar- 
paulins were spread over it. Upon these 
in turn was placed a layer of sand, well 
rammed down, and 15 in. thick. In this 
was laid a flooring of 3-in. pine plank. 
Across these two more layers of similar 
flooring were placed, and on the last was 
built the platform for the gun. Thus the 
parapet and the gun were independent. 
If the jar of the gun’s recoil should cause 
its foundation to sink, the parapet would 
stand. Through all manner ‘of practical 
difficulties these arrangements were com- 
pleted, and when Beauregard chose to 
laugh at the threat to bombard Charles- 
ton, the shaking marsh over which his 
soldiers had not thought it worth while to 
venture, suddenly cast forth fire. 5 

It was on the 21st of August that this 
marsh battery opened on Charleston. 
The bombardment of Sumter over the 
heads of the garrison in Wagner continu- 
ed from Morris Island till, on the 24th, 
General Gillmore was able to report as 
the result of the seven days’ work, “the 
practical demolition of Fort Sumter.” 
The distance between the most advanced 
breaching battery and the fort was 3,428 
yards. 

The capture of the city was not accom- 
plished at this time, as the dangers from 
torpedoes seemed in the mind of the 
commander of the naval forces too great 
to be rashly encountered. 

Of the part performed by the subject of 
our sketch, the following testimony is 
quoted by the historian: 

To the brilliancy of the engineering and 
artillery exploits of General Gillmore in 
Charleston Harbor, the whole world testi- 
fies. The General-in-Chief thought them 
worthy of such commendation as this in his 
Annual Report : “General Gillmore’s op- 
erations have been characterized by great 
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professional skill and boldness. He has 
overcome difficuities almost unknown in 
modern sieges. Indeed, his operations on 
Morris Island constitute a new era in the 
science of engineering and gunnery.” 
The Department endorsed this praise by 
raising him to the rank of Major-General 
of Volunteers. Not less emphatic was the 
admiring testimony of Professor Mahan, 
the General’s old instructor in engineer- 
ing at West Point, and a critic of siege 
operations not surpassed by any living 
military authority: “The siege of Fort 
Wagner forms a memorable epoch in the 
engineer’s art, and presents a lesson fruit- 
ful in results. In spite of these 
obstacles ; in spite of the shifting sand 
under him, over which the tide swept 
more than once during his advances ; in 
spite of the succor and relief of the garri- 
son from Charleston, with which their 
communications were free, General Gill- 
more addressed himself to his task with 
that preparedness for every eventuality, 
and that tenacity which are striking traits 
of his character. This remarkable 


exhibition of skill and industry, the true 
and always successful tools with which the 
engineer works, is a triumph of American 


science of which the nation may well be 
proud; and General Gillmore, in the re- 
duction of Fort Pulaski, the demolition of 
Sumter, and the capture of Wagner, has 
fairly earned the title of Poliorcetes.” Brit- 
ish and French military critics united in 
similar applause ; while the estimate of 
the misses of his fellow-countrymen may 
be fitly represented in this concluding 
p ragraph from a leading editorial of the 
New York “Tribune” on: the subject : 
* Pulaski, Somerset, the landing at Morris 
I land, the demolition of Sumter—Wag- 
nr: ‘The greatest is behind!’ Whatever 
my be the thought of the many deeds 
w tich may illuminate the sad story of this 
g vat Rebellion, the capture of Wagner by 
uweneral Gillmore will be regarded as the 
greatest triumph of engineering that his- 
tory has yet recorded.” 

After some service of lesser importance 
before Petersburg, and as_ Inspector- 
General of Fortifications of the Military 
Division of West Mississippi, he was re- 
turned by the Government to the depart- 
ment in which his fame had been won. 
This was in January, 1865. 

After the re-assignment of departments, 

2 was given the command of S.uth Car- 





olina. His rule here was judicious and 
acceptable. He had little taste, however, 
for such military duties in time of peace. 
In the autumn of 1865 he resigned his 
commission in the volunteer service, and 
was assigned to the old familiar work in 
the Corps of Engineers. He bore back 
with him to his grade in this brilliant 
corps the clustering honors of the four 
highest brevets in the regular army, in re- 
ward for his achievements during the war. 

Brevet Lieutenant-Colonel, U. 8. Armr. 
“For gallant and meritorious conduct at 
the capture of Fort Pulaski, April 11, 
1862.” 

Brevet Colonel U. S. Army, “For ga!- 
lant and meritorious services at the battle 
of Somerset, Kentucky, March 31, 1863.’ 

Brevet Brigadier-General U. S. Army, 
“For gallant and meritorious services in 
the assault on Morris Island, July 10, 
1863.” 

Brevet Major-General U. S. Army, “For 
gallant and meritorious conduct in the 
capture of Forts Wagner and Gregg, and 
the demolition of Fort Sumter.” 

General Gillmore’s military standing is 
clearly defined by his career during the 
war. He never displayed remarkable 
merits as a leader of troops in the open 
field. He was a good, but not a brilliant 
corps General. If he committed no grave 
faults, on the other hand he never shone 
conspicuous above those that surrounded 
him. He was prudent, judicious, cireum- 
spect, not dashing, scarcely enterprising. 
It is only fair to add that he was never 
tried on a large scale or under favorable 
circumstances. 

But in his proper provinces as an eng*- 
neer and artillerist, he was as bold as in 
the field he was cautious. He ignored 
the limitations of the books. He accept- 
ed theories that revolutionized the science, 
and staked his professional standing on 
great operations based upon them. He 
made himself the first artillerist of the 
war. If not also the foremost engineer, 
he was second to none; and in the bold- 
ness and originality of his operations 
against Wagner, he surpassed any similar 
achievements, not only in this war, but in 
any war; so that now, notwithstanding 
the more varied operations around Rich- 
mond, and Atlanta, and Vicksburg, when 
men speak of great living engineers, they 
think as naturally of Gillmore in the New 
World as of Todleben in the Old. 
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General Gillmore’s recent services in a 
professional way have quite as much 
relation to the arts of peace as of war. 
His little work on Coignet Beton, and the 
more extended one on Limes, Mortars, 
and Cements, are both well known to 
American engineers. Of the works now 
‘under his supervision yet incomplete, we 
shall doubtless, as chroniclers of engineer- 





ing progress, have yet to speak. At the 
present time he is the Chief Superintend- 
ing Engineer of the fortifications on 
Staten Island, of those upon the Atlantic 
coast of North Carolina, South Carolina, 
Georgia, and Florida, and of the im- 
provement of Charleston Harbor, and the 
Savannah and Saint John’s Rivers, and 
streams subsidiary thereto. 





A NEW THEORY OF THE DISCHARGE OF GAS AND STEAM 
FROM ORIFICES. 


By GUSTAV 


ZEUNER. 


Translated from “ Der Civil-Ingenieur.” 


_ The hydro-dynamic equations deduced | 
in theoretic mechanics, are of no practi- | 
cal use, even in the simplest case, that of 
discharge, through an orifice, of water, 
gas, or steam, under constant head. The | 
discrepancies in the results of theory and | 
experiment (no regard being had to con- | 
traction due to shape of orifice) are due | 
not merely to a diminution in velocity | 
caused by the resistance of friction within 
the stream and at the orifice ; but are to 
be attributed to the false hypotheses from 
which certain formulas have been de- 
duced. 

In my work entitled “ Das Locomotiv- 
Blasrohr” (Zurich, 1863), I called atten- 
tion to the fact that the principles of the 
mechanical theory of heat are of great 
import in hydraulics and aerostatics, and 
gave the formulas for the efflux of gas, 
saturated steam and superheated steam. 
Those researches showed that the prob- 
lem as usually expressed, 7. e., “to obtain 
the velocity formula, having given the 
pressure and the temperature of the fluid 
in the feed-vessel, and the pressure in the 
receiver ”—is indeterminate. A definite 
solution is possible only when we have 
determined whether heat is gained or 
lost during the flow, and what is the law 
of gain or loss. The ordinary case is that 
in which there is no change in this re- 
spect; and in this case we find a formula 
first derived by Weisbach, and thereafter 
generally adopted. This holds approxi- 
mately, as will be shown below, for satu- 
rated and superheated steam, and even 
for fluids; but always on condition that 
the course of pressure from greater to 
less follows the adiabatic curve; in other 


connected with change of pressure. In 
other cases Weisbach’s formula does not 
give the true values of the coefficient of 
efflux and the quantity of discharge ; ard 
this also is true of the formulas given by me 
for steam and heated fluids. Corrections 
must be made for friction and contraction, 
and these must depend on experiments. 

A vast number of such experiments have 
been made with water, but it is only of 
late that we have had anything to help 
us in the case of air and steam. 

It was assumed that the came coeffi- 
cients applied to gas as to water, until 
Weisbach, to whom practical hydraulics 
already owed a large debt, took the prob- 
lem in hand, and by means of experiments 
brought it near a complete solution. Let 
us examine the results of these valuable 
experiments with the object of seeing 
whether we may not find confirmation of 
the principles of the mechanical theory in 
the fact that the meaning of the coeffi- 
cients of correction becomes clear in the 
formulas. An attempt in this direction 
was made by Grashof, but with reference 
only to the motion of water in pipes. He 
states the case (to be considered in this 
article) in the same way as Weisbach, 
introducing, as usual, coefficients of ve- 
locity and contractions. The correction 
‘due to form of ajutage or contraction can- 
not ordinarily be demonstrated by analy- 
sis, hence, regard will be had only to those 
ajutages in which contraction does not 
occur (rounded, short cylindric, or slight- 
ly conic), or the contraction coefficient 
will be employed that is obtained by the 
usual experiment of measuring the stream 
at the point of greatest contraction. As 





words, that there is no loss or gain of heat 


for the correction due to resistances prop- 
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er, an attempt will be made to deduce 
these by the mechanical theory of heat. 

If a fluid (water, gas, or steam) flows 
through an orifice, the velocity of dis- 
charge is diminished by internal friction. 
The work of the flowing mass is less than 
that deduced by calculation; hence there 
has been some loss of work. In practical 
hydraulics inquiry has not been pushed to 
determine where this work goes, but has 
been content with determining by exper- 
iment the ratio of loss of work to the 
work due to the head, or the actual velo- 
city has been found and its ratio to the 
theoretic determined. 

This so-called loss does not consist ac- 
tually of a destruction of work ; but it 
must be assumed according to the me- 
chanical theory that external work has 
been transformed into internal ; that the 
loss has passed over into molecular work, 
in other words, into heat, the stream con- 
taining the total theoretic work, but a 
portion of it in the form of heat. This 
must be shown in the fact that, all other 
conditions being the same, the passage 
through an orifice changes temperature 
and density. And this must be especially 
observable in the case of gas and steam. 
The formulas deduced should therefore 
give quantities corresponding to those 
given by experiments, and they should 
also enable us to determine the condition 
of fluid as well when in the plane of the 
orifice as after discharge. 

The following investigation is intended 
to show that the new results and exten- 
sions can be easily introduced into com- 
mon theory. Attention will be confined 
to the simplest case of efflux through an 
orifice from a large vessel under a con- 
stant head, so that technical needs may 
be kept in view and the research may go 
no further than the cases in which its re- 
sults are confirmed by known experi- 
ments. 


1. DEDUCTION OF THE FUNDAMENTAL EQUA- 
TIONS. 


Let any fluid, water, gas, or steam, 
flow through a tube of variable section 
(Fig. 1) and horizontal axis. Let equal 
weights pass through all cross sections in 
equal times. In the section F, distant s 
from a fixed point, let the specific pres- 
sure be p (metre kilograms). Represent 
the thickness of an elementary fluid lam- 
ina by ds, which is also the element of 





space passed over in the time d/; then 
the pressure on the other side is p -+- dp ; 














and the work in the direction of the mo- 
tion is 
F p —F-F (p+d p=-—F dp. 
The volume of the lamina is Fd s, and 
Fds 
if v is the unit-volume, the mass is “os 
The quotient gives the acceleration, 
vdp 
——~ v g «@- 
If W is the velocity through the section 
waw 

F, then the acceleration is —7,—" 


Hence 7 )=- 
a(s, =-—vdp. 
Ww? 


Let 
s— =A, ete., 
then 29 

dh=-—d(pv)+pdv. (1.) 
This is the hydrodynamic equation for the 
above simple case. The right member 
expresses the work for the space ds; which, 
resistances not considered, is entirely 
spent in increasing the living force of the 
unit-weight of fluid. 

Regarding resistances, and indicating 
their work for the space ds by d W ; the 
right member of (1) operates to increase 
the vis viva by dh, and also to overcome 
resistance. Hence 

dh+dW= —-d(pv)+pdv. (1.) 

If the axis, Fig. 1, is oblique to the di- 
rection of motion, then the right mem- 
ber is increased or diminished by the 
work of gravity, or by + d z, i.e., the ver- 
tical distance of the centre of gravity cf 
the lamina fromds. We confine our- 
selves (having to do with short ajutages) 
to the simpler case. But even then, and 
leaving out of consideration the resist- 
ance, equation (1) is not integrable. The 
problem is still indeterminate, because 
the law of variation of p as a function of 
v is not known. But the mechanical 
theory of heat supplies the defect. 

If the unit-weight of a body receive the 
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quantity of heat dQ, and it expands by 
d v under the pressure p, 
dQ=A(dU+pdv) 

in which p d v is the work expended ex- 
ternally, and d U that part of the heat 
expressed in work, which is expended in 
interior work (increasing work of vibra- 
tion and overcoming interior forces). The 
quantity of heat, which corresponds to 
the unit of work is represented by A; 
and in French measure it is z}z heat 
units. The internal work U is to be re- 
girded as a function of p and v, whose 
form, for the fluid under consideration, 
may be regarded as known. 

We assume generally that during the 
passage through ds there is added from 
without to the fluid, i, ¢., its unit weight, 
the quantity of heatd Q. Since the work 
of resistance d W changes to heat, it is 
an equivalent to say that the weight-unit 
receives the quantity of heat dQ-+Ad 
W; hence the second fundamental equa- 
tion 


dQ +AdW=A(dU+pdv). 
C mbining with (L.) 


an—"2 4 U-dpv). 


(IL) 


(IIL.) 


These are the equations to be verified 
in the sequel. We refer to the special 
case in which the condition is introduced 
that heat is not gained or lost in the ef- 
flux. In this instance the above equa- 
t.ons become 

dW=dU+pdv (IIa.) 
dh=-(dV+d(pv)) (IIIa) 

If resistances are neglected d W = 0, 
and the principles set forth in my former 
work are proven. 


(2.) GRAPHIC ILLLUSTRATION OF FORMULAS. 

The formulas admit of clear and easy 
illustration by diagrams, without neces- 
sity of special knowledge of the fluid and 
its qualities. 

Suppose a very large vessel, in which 
the surface may be regarded as at rest. 
Let the pressure and specific volume in 
the vessel at the level of the orifice be p, 
and v,; represent the external pressure 
by p,, extending to the orifice ; let the 
fluid pass from the orifice with the speci- 
fic volume V,. Let the living force cor- 
responding to the velocity w be h, and W 
the work of resistance corresponding to 
the unit weight. Then by integration of 


(L) 
h+W =p, vg—p; ¥; + pdv (3.) 
Ps Ua-Pi Yy e 





Suppose p,, p, and v, given and also the 
law of change of pressure during efflux; 
then the above equation easily determines 
h-+-W, while the curve of pressures gives 
the specific volume v, of the fluid at the 
orifice. 

Now if to the fluid unit of weight dur- 
ing passage there is added the quantity 
of heat Q, and this is known by integra- 
tion of (II.) 


Qiw=0,-U4f"pav  ) 
v2 
The internal work U is to be consider- 
ed a known function of p and v; so that 
(4) determines the value of W ; and from 
(3) A is found ; and the actual efflux ve- 
locity w immediately follows. If G is the 
weight of fluid discharged in a second, F 
being the orifice area, 
Gv,=—Fw (5.) 
or a being the co-efficient of contraction 
Gv, =aFw. 
This is the process of calculation. For 
graphic representation, note the follow- 
ing. If p, and v, (for discharging vessel) 





are known, lay off Fig. 3a, the volume es 
abscissa, the pressure as ordinate ; cor- 
struct the rectangle of area p, v,, and 
draw through U, the curve U, U, express- 
ing the law of continuous decrease of 
pressure to p, The corresponding ab- 
scissa. Ov, represents the volume v, pass- 
ing through the orifice, and, since the 
surface U, U, v, v, represents the integral 
of equation (3), the dotted part of Fig. 3a 
represents the value of h -+-W. 

So equaticn (4) may be represented. 

In Fig. 36 is repeated Fig. 3a. Draw 
through U, the adiabatic curve U, U, 
which gives the law of expansion under 
condition of no loss or gain of heat ; in 
other words, for no resistance. Through 
U, draw the isodynamic curve UU, which 
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represents the law of pressure under the 
hypothesis that the internal work U=F 
(p v) is constant and equal to U,. Draw 
through the point of intersection U the 


Que 





Fig 33 
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ordinate U, Fig. 3b; then the dotted area 
gives the value 


Q 
<+W. 


The surface U, U, v, v, represents the 
integral pressure. If the expansion is 
without resistance or gain or loss of heat 
for equal limiting values of U, then in (4) 
Q=0 and W—0; and therefore 


J? pdv=0,-U,, 
ve 


in which v corresponds to the abscissa of 
U and the variation from p proceeds 
along the adiabatic curve. The integral 
is shown in Fig. 36 by the surface U, U v 
v,, and the dotted area corresponds to the 
value of the left member of equation (4). 

We infer that the solution of the prob- 
lem requires the knowledge of the course 
of three curves, and of the adiabatic and 
isodynamic curves. These two are known 
for given fluids. The expansion curve 
U, U, involves all the indetermination of 
the hydrodynamic problem. Its course 
is dependent upon the method of loss or 
gain of heat, as well as upon the magni- 
tude and kind of resistance W. If there 
is no change in respect to heat as will 
be generally assumed, Q=0; and the 
curve is dependent only on the work of 
resistance, and the dotted curve in Fig. 
3b represents the value of this work in 
terms of the fluid unit of weight. If the 
efflux is without resistance, 7. e., W = 0, 
the curve U,U, coincides with the adia- 
batic line U, U,, Fig 3a; the surface A, A, 
U, U, then represents the living force h 
of the unit of weight at the orifice. Fig. 
3a clearly shows the influence of resist- 
ance upon efilux. The effect is that the 





curve U, U, is raised, and passes over the 
adiabatic line U, U,, while it approaches 
the axis of abscissas less rapidly. 

If p, = p,, and U, is constant, in case 
of efflux against resistance the fluid (gas 
or steam) passes through the orifice with 
greater volume v, than in the case of no 
resistance (v, <v,, Fig. 3a). This change 
of specific volume is followed by a change 
of temperature of the stream at the ori- 
fice ; a fact to be considered before we 
close. 

We close this division of the subject 
with a few general remarks concerning 
the condition of the stream after dis- 
charge. A stream of gas or steam ex- 
pands as in Fig. 2, and in consequence «f 
the constant pressure p, will change to a 


volume v,', and the internal work will pass 
from the value U, to U,’'; the living force 
h is transformed into heat ; and the pro- 
cess may be regarded as if the quantity of 
heat Ah were imparted to the unit weight 
undergoing expansion under constant 
pressure. Under this hypothesis, by in- 
tegration of equation (2), 
Ah = A(U,'--U,)+A pi(v,'—-"1) 
From (3) and (4) 
Q-Ah=A(U,—Uz +pi 01'—Pe U2 
Combining: 
a U,'—U, +p, Vi’—pe ve (IV.) 
From this equation may be determined 
the condition of the fluid after expansion. 
Making Q —0. 
U,' + 71 Vy = Ue +e 3 (IVa.) 
It thus appears that the final condition is 
entirely independent of the resistance. 
It is assumed that the fluid in the receiver 
neither cools nor heats the expanding 
steam ; in other respects the last con- 
sideration is of no technical interest. 
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(13.) EFFLUX OF PERMANENT GAS. 

Reckoning the temperature of a gas 
from absolute zero, which is 273° be- 
low the zero of Celsius, and indicating the 
absolute temperature by T = 273°-+-¢ ; 
the Mariotte-Gay-Lassac law may be 
written in the form 

pv=RT, 
R being a constant magnitude, known for 
the several gases. If c,is the specific 
heat of the gas under constant pressure, 
and c,, for constant volume, then from 
the mechanical theory of heat 
: Cp — Cy = AR. 

Finding R, and putting 7 =k (for per- 
manent gases generally, 1,410), sub- 
stitution gives 


Apv=me. Et Rs (7.) 


a convenient form for subsequent investi- 
gations. The mechanical theory gives as 
value of the increment of heat for a unit 
weight, the volume being increased by d v, 
the pressure by dp, 


dQ =i5 (vd p+p dv) 
From equation (3) 
dQ=A(dU+kpdvr) 
hence by equating to internal work 


(9.) 
and by integration, the internal work 

v= -* + U, (10.) 
in which U is the constant of integration 
whose value for the various gases is not 
known ; but which will be considered in 
the course of this article. We now pass 
to the problem. 

Suppose a permanent gas in a large 
vessel with tension p,, volume v,, and tem- 
perature T,, under constant pressure ; 
that, receiving no heat from without, it 
flows through an opening into a receiver 
where the pressure p, is kept constant ; 
then from (IIa) and (9) 


dW=_d(pvtpar) 
from (IIIa) 
dh=-“a(p) 
from (10) and (IVa) 


Pe V\'=Pz, V 
and from (7) ‘ die 


1 


(11.) 


(12.) 


(i3.) 


T,’=T,. 
The last result ‘signifies that the gas 
after expansion in the receiver and com- 





ing to rest, resumes the same temperature 
which it had in the reservoir, whatever the 
resistances overcome in passage. 

This is so obvious that Weisbach as- 
sumed it in his investigations. But the 
principle holds only for fixed gases, not 
for saturated and superheated steam, as 
will appear. 

From (13) is found the volume v,’ of 
the unit weight after expansion ; but it 
must be observed that this differs from 
that with which it passes the orifice- 
plane. This volume v,’ is easily found by 
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construction. In Fig. 3c are included 
Figs. 3a and 3b. Through U, draw an 
equilateral hyperbola, and find the inter- 
section B with the horizontal A, U, : then 
A, B represents the volume v, after ex- 
pansion. The three volumes v,, v,, and 
v, must be carefully distinguished ; and 
for this reason it seems improper to meas- 
ure the efflux of gas and steam in units 
of volume, as has been done hitherto; a 
method which requires that the exact 
place of measurement should be known. 
The better way is to measure by weight- - 
units. 

More important than what precedes is 
the investigation of (11) and (12). The 
first may be written 

aW=_*wdp+kpar) 
and the second may be integrated. 
is the specific volume at the orifice 

h = 45 (P2 Up — Pi Y:) 
or from (7) 
Ah=C, (T,—T,) (16.) 

T, being the absolute temperature of the 
gas at the orifice-plane. 

The formulas in this form are not to be 
verified, because v, and T, are not known 
as long as the law of the pressure-curve 
U, U,is unknown. In one case the equa- 
tions may be applied, i. e., when there is 


no resistance. Then d W=—0 and 
vdp+kpdv=0 


(14.) 
If Vi 


(15.) 
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dividing by p v 

p Ut =p, v,* =p, v,* (17.) 
i.e. the equation of the adiabatic curve 
(U, U, in Fig. 3a). 

Equation (17) gives the specific volume 
v, of the gas at the orifice, for p,, v,, p, may 
be considered as known. This equation 
may be written 

Pi; _f{ Vy, \*-? p,\F-! 
Pe Ve. (=) (=) ‘ 


combining with (7) 


T, _ a 
T,” \ Ps 


giving the temperature T, at the orifice. 

Introducing this in (16) A is found ; then 
then the velocity of efflux 

W=/ 2gh (19.) 

and the quantity discharged in kilograms, 

from (6), G ate (20.) 

1 

The foregoing equations are the same 
as those developed in an entirely differ- 
ent way by Weisbach. They lose their 
value as soon as resistances are taken 
into account ; and the actual law of the 
expansion curve U, U,, Fig. 3a, is to be 
found, as it no longer coincides with the 
adiabatic curve. 

This curve passes beyond the adiabatic 
line U, U,. and the curves diverge in pro- 
portion to the resistance, as shown in 
Fig. 30. 

To discover the probable law of the 
curve of expansion I employ a principle 
of practical hydraulics, namely, that the 
co-efficient of resistance remains con- 
stant for the same kind of orifice for va- 
rying pressure and varying breadth of 
orifice. Assuming this true for gases, we 
obtain the following results: 

By equation (16) h is directly propor- 
tionnl to the decrease of temperature 
T,—T,; the same holds for the resistance ; 
hence 


(18.) 


A W=c(T,—T,) (21.) 
in which ¢ is a constant acting as a kind 
of specific heat; whose value is easily ob- 
tained if the co-efficient of resistance of 
the orifice (¢) is known. By definition 
fox 
and from (16) and (21) 
C= Oop 
and 
AdW=-cdT=-{¢,dT. 
Substituting from (7) 


Ad W=-—¢k. 
But by (14) 


A 
k—1 (udp + pdv). 





A 
AadW= —s ' 
Hence the equation of the curve of expan- 
sion is 
(+¢k)vdp+ (+i kpdv=0 

Dividing by 

145k) vend puttingn=2t9% a) 

(1+¢k) vand putting n= ifik ( 


(vdp+kpdv) 


and integrating, we have the equation of 
the curve of pressure, 
p U" = Pz Vz" = P; UV," (23.) 
The value of n is constant and may be 
found if ¢ is known. But this value 
(which I call the exponent of efflux) may 
be obtained directly by experiment. If 
¢=0, n=k; which gives Weisbach’s 
principle; and the curve coincides with 
the adiabatic line ; otherwise n < k. 
From (22) ;_ = (24.) 
giving the value of W=¢A, and by (21) 
the value of c. 
Equation (23) may be written 
i e (=: - 
Pe, \ YX, 


Hence by (7) 
T, 


=( Ve _ =( Pi = 
T; a “Nps ‘ 

To sum up: 

If a gas flows under a constant pressure 
p, through an orifice from one vessel into 
another, in which the pressure p, is con- 
stant ; and if the temperature T’, and the 
specific volume v, in the discharging ves- 
sel are known, and also the exponent n: 
equation (23) gives the true specific 
volume v, ; (25), the actual specific tem- 
perature of the gas at the orifice; (16) 
gives the value of h, and the actual velo- 
city W =//2gh; and (20), the quantity 
actually discharged in a second. 

It is now only necessary to determine 
the magnitudes mentioned, under the hy- 
pothesis of no resistance ; %. ¢., to find 
their so-called theoretic values. 


(25.) 


(4.) GRAPHIC ILLUSTRATION AND PRACTICAL 
EXAMPLE. 


The principles found in the considera- 
tion of Figs. 3a and 3b also hold for gases. 
The dotted surface in Fig. 3a gives the 
value of h +- W; that in 3b represents W, 
since we assumed Q —0; i. ¢., that the 
fluid in passage neither lost nor gained 
heat. The curve U, U, follows the law 

Pp U* =Pz2 Vg" =p, V4" ; 
the curve U, U is the adiabatic line which 
follows the law 
Pp vt = py v2": 
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the curve U U, is the isodynamic curve, 

for which the internal work U = 0, is 

constant, and which foilows the law 
pv=pP, v. 

The simplicity of the graphic process 
is specially noteworthy in the case of 
gases. The area of v uv, U, C in Fig. 3b 
is 

Pr (¥1 —2) 
in which v is the abscissa of the point of 
iutersection U. Ifthe ordinate U v=p; 
then since p v — p, v,, 
Pv-p, v= (p—Pi)% 

and this is also the contents of the ree- 
tangle A U C A, in Figs. 3b and 3c. The 
entire dotted area in Fig. 3c represents 
the value h-+ W ; the obliquely dotted 
portion corresponds to the work of resist- 
ance W; the horizontally dotted portion 
to the vis viva of tne unit weight of fluid 
at the orifice. According to” my hypo- 
thesis a two areas have a constant 


ratio, and = — = (is the co-efficient of re- 


sistance. 

If there were no resistance the surface 
A, U, U, A, would represent the vis viva 
of the moving fluid, which we indicate by 


h,. Then the figure shows thath< h,; 
that is, resistance makes the actual less 
than the theoretic discharge. Again h 

W> h,; in this respect differing from 
results before obtained. (Compare Weis- 
bach, who finds h +-W —A/,): so that my 
value for ¢ is only apparently identical 
with that of Weisbach. Hence Weis- 
bach’s experiment must be submitted to 
a revisory calculation, in order to confirm 
my formulas for practical use. This mat- 
ter will be considered in another place, 
where it will be shown that for efflux 
under slightly differing heads the differ- 
ence of the values of ¢ is small. 

Let us take an example, in application. 
Suppose a large vessel of atmospheric air 
in which there is a pressure of 2 atmos- 
pheres, and from which there is a constant 
discharge through a short cylindric aju- 
tage of sectional area F in square metres; 
let the temperature of discharging vessel 
and of receiver be ¢,= 20° Celsius ; ; the 
pressure in the receiver is 1 atmosphere, 
or the specific pressure p,—= 10334 kilogs. 
to the square metre. 

For atmospheric pressure, 

Cp =.23751 and k =1.410; 
*.° Ty= 273 + 1, = 2959, 
the alsolute temperature; and the speci- 





fic volume, (Eq. (7)) v,=0.41497 cubic 
metres. 


Since 1 
P2=2.10334 and A = ni 


suppose the value of ¢, found by experi- 
ment, to be 0.505; then by (22) » = 
1.2395; but if there is no resistance n=k 
=1.410. 

In the respective cases of resistance 
and no resistance the values are 

n =k=1.410, nm = 1.2305. 

v, = 0.67844. v, = 0.72591. 

T, = 239.51. T, = 256.04 

é,) = — 33°49. t, = — 16.96. 

h = 5386.66. h = 3722.02. 

W = 325.09. W = 270.23. 

The last gives the ratio usually called 
the co-efficient of velocity, viz., 0.8312. 

The weights of air discharged in a 
second (under hypothesis of no contrac- 
tion) by (20) are respectively 

G= 479.172 F, and G = 372.263 F. 

The ratio of the first to the second 
value is 0.7769, which I call the co- 
efficient of efflux, a term heretofore indi- 
cating a ratio of volumes. After the ex- 
pansion of the stream and the restoration 
of equilibrium the temperature in both 
vessels is 200 Celsius; and as the pres- 
sure is the same the specific volume »,' is 
the same and v' = 0.82004 cubic metres. 
Comparison with the values v, at the ori- 
fice shows that expansion is connected 
with increase of volume. The total vol- 
ume of the air discharged in a second is 
G v,'; hence the ratio of volumes is the 
same as that of weights, viz., 0.7769. The 
same holds on comparison of the values 
of Gv, It follows that the co-efficient 
expressed in ratio of volumes depends on 
the place of measurement; the ratios at 
the orifice and after expansion differ. 

It seems best, at least for elastic fluids, 
to do away with the distinctive terms, 
velocity and efflux co-efficients. Accord- 
ing to the above investigation it is nu t 
necessary first to consider a case of 
efflux without resistance; for resistances 
cause not only an alteration in velocity 
and quantity, but also an entire change 
of conditions. If the efflux-exponent n 
for a certain ajitage is known, then the 
above formulas give all that is necessary, 
without determination of the so called 
theoretic values depending on the hypo- 
thesis of no resistance ; a condition im- 
possible to realize, aud therefore, of no 
practical interest. 


[CONCLUDED IN THE NEXT NUMBER. } 
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(Continued from page 656. ) 


APPLICATION TO THE STEAM ENGINE.—RELATION 
BETWEEN THE LATENT HEAT OF EVAPORA- 
TION. OF A FLUID AND THE DENSITY AND PRES- 
SURE OF ITS VAPOR. 

22. Thus we see that if a heat engine 
be perfect, its efficiency is = ; ri iE where 
T, T, are the temperatures Fahrenheit, 
between which the engine works, or if 
U be the work done in a given time, Q 
the heat expended in the same time, 


T, +461 
hence the expenditure of heat per HP 
per hour is given by 
T, +461 
T.—-% 
a formula which gives the least amount of 
heat necessary to produce the given power, 
so long as we are restricted to work with- 
in the given limits of temperature. Let 
us now consider what those limits of tem- 
perature are in the case of the steam en- 
gine. 

The inferior limit T, can in no case be 
less than the temperature of the atmos- 
phere, and in the case of the condensing 
steam engine must be taken as 100 deg. F., 
which is the temperature of the condenser. 
Du Tremblay, indeed, has virtually lower- 
ed this temperature to 60 deg. F., or there- 
abouts, by the addition of an ether engine, 
working between the temperature of the 
exhaust steam and the temperature of 
condensation of ether; but on account of 
the practical difficulties attending the use 
of ether, this plan is not likely to come into 
ordinary use. In the non-condensing steam 
engine, T, is the temperature correspond- 
ing to the atmospheric pressure, that is to 
say, 212 deg. F. 

The superior limit T, in a simple steam 
engine, is the temperature of the boiler, 
for although the hot gases of the furnace 
have a vastly higher temperature (say ¢), 
yet the power of turning heat into work, 
due to the difference of temperature t—T, 
cannot be realized by the arrangements of 
an ordinary steam. engine. To see this 
clearly, suppose that a fluid existed which, 
without excessive pressure, could be evap- 
orated ata temperature of 1,000 deg. F., 


Vou. VIL—No. 1—2 


Q = 1,980,000 (foot pounds) (1.) 








and condensed at a temperature somewhat 
above that of a steam boiler, then it is ob- 
vious that an engine could be worked by 
the vapor of this liquid, which vapor, 
after exhaustion, could be used to supply 
heat to the steam boiler. Such an arrange- 
ment might not be capable of being practi- 
cally worked, on account of the high tem- 
peratures required, even if the necessary 
fluid existed, but the conception explains 
clearly enough the principal reason why 
the greater part of the heat expended in 
an ordinary steam engine cannot possibly 
be turned into work. Hence the superior 
limit is, as stated above, the temperature 
of the boiler, or, if the engine work with 
super-heated steam, the temperature of 
the super-heater. 

Some numerical results of formula (1) 
will now be given. 

In the annexed table the first column 
gives the boiler pressure in atmospheres, 
and the last the corresponding tempera- 
ture Fahrenheit; the two other columns 
give the least amount of heat from which 
l-horse power can be produced for the 
condensing and non-condensing engines 
respectively. In the condensing engine T, 
the lower limit has been supposed 100 
deg. F. 


Heat required per hour in a perfect engine. 


= oe 


Ti. 








Condensing. |Non-condensing. 





9.400.000 
7.800, 000 
7,101,000 
6,600,000 


249 
201 
318 
340 


38,000,000 
18,800,000 
14,600,000 
12,400,000 








We can now easily deduce the least 
amount of steam necessary per horse 
power per hour, for let N be the number 
of pounds required, then 

a 
N= i, (2.) 
where H, is the total heat of evaporation 
of water from the temperature of the feed- 
water at the temperature (T,) of the boiler. 
It is here supposed that the heat commu- 
nicated to the steam is all expended in the 
boiler, and none by means of a hot air or 
steam jacket or otherwise, and this must 








18 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 





be so if the engine is to be theoretical- 
ly perfect, as will be explained at length 
further on. 

The annexed table gives the numerical 
results of this formula in the case of the 
condensing and non-condensing engines 
respectively, it being supposed in the 
first case, that the feed is taken from the 
condenser so as to have a temperature 
of about 100 deg. F., and in the second 
case that the exhaust steam has been em- 
ployed to raise the temperature of the 
feed to about 212 deg. F. 


Pounds of steam per hour. 








Condensing. |Non-condensing.| Ti. 





249 
291 
318 
340 


1. 
9. 
8. 
7. 














The results of the first table show us 
that in order to produce 1,980,000 ft. Ibs. 
of work per hour, we must necessarily ex- 

nd, under the best circumstances, at 

east 6,000,000 ft. lbs. of heat, so that 2 
of the heat expended in a steam engine 
is necessarily wasted, the waste arising 
from the small range of temperature 
within which the engine works. 

The availuble heat of 1 lb. of average 
coal burnt in an average boiler is about 
6,000,000 it. lb3., and the consumption of 





coal under the best circumstances should 
be about 1 lb. per HP per hour; the 
smallness of this result, and of the num- 
bers in table 2, which give the quantity 
of steam theoretically necessary, shows 
us very distinctly that other causes of 
loss of efficiency must exist, some of 
which will be considered hereafter. One 
main cause of loss of efficiency is, that it 
is practically impossible to carry expan- 
sion to the extent to which it theoreti- 
cally should be, for maximum efficiency. 

23. Since in no case can the quantity 
of heat capable of being turned into me- 
chanical energy exceed a limit depending 
on the temperatures between which the 
engine works, Zeuner has proposed to 
call the efficiency of a heat engine the 
fraction which the actual work done by it 
bears to that available heat, so that, in 
this way of speaking, the efficiency of a 
perfect engine is unity. There are some 
advantages in this nomenclature; but inas- 
much as there is a limit to the amount of 
expansion which can be employed, so 
that we might as well speak of the available 
heat in asteam engine working within 
given limits of temperature with a given 
grade of expansion, we have not thought 
it advisable to abandon Rankine’s use of 
the word efficieney. From a passage in 
the preface to Zeuner’s well-known trea- 
tise on “ Valve Gears,” it might be sup- 
posed that some divergence of opinion 
existed between these eminent writers; 





‘, 








Y 
| 
. 
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such, however, is not the case, it is purely 
a difference of nomenclature. 
24. We will now consider the case of a 





XK 


The figure shows the indicator diagram 
of an engine of maximum efficiency, O X 
being the line from which pressures are 


steam engine working under conditions of | measured, and O Y the line from which 


‘maximum efficiency. 


volumes are measured. At the point 1 
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the pressure and volume of 1 lb. of water 
in the boiler are represented, which water 
during admission is evaporated at constant 
pressure, as represented by the straight 
line 1 2, the other extremity 2 of which re- 
presents the pressure and volume of the 
steam produced. The steam is then cut 
off, and expansion takes place without gain 
or loss of heat till the pressure has fallen 
to 3, which must be supposed the pressure 
ina surface condenser. At the end of 
the stroke the piston returns, and con- 
densation takes place under that same 
constant pressure. 

So far the diagram is exactly the same 
as an ordinary indicator diagram, in which 
expansion has been carried to its extreme 
limit, namely, till the pressure has fal- 
len to the pressure of the condenser. But 
now, instead of the condensation being 
complete, we must imagine it stopped at 
a suitable point 4. and the mixture of steam 
and water compressed without gain or 
loss of heat until it becomes once more 
water of the pressure and temperature 
of the water inthe boiler. Then, if we 
suppose the condensed steam returned 
into the boiler, the process may be re- 
peated indefinitely. 

Evidently this engine satisfies the con- 
ditions of maximum efficiency, for it re- 
ceives all its heat at the constant tempe- 
rature (T,) of the boiler, and rejects all 
its heat at the constant temperature (T’) 
of the —eeeee. Hence its efficiency 

' —T; 
must be —j-—, but the heat expended per 
1lb. of steam is L,, the latent heat of 
evaporation of water at the absolute tem- 
perature T,, therefore, we have work 
done per pound of steam = 
T,-T 
T, 
which work is represented geometrically, 
as usual by the area 1, 2, 3, 4 of the indi- 
cator diagram. 


. Area of diagram = 1, 
J 


.L;. 


This equation leads to an extremely im- 
penn result, for let us suppose that 

, is very nearly equal to T,, then the area 
of the diagram is very nearly 


(Pi—Ps) v1 —8 
where p, p,; are the pressures corres- 


ponding to the temperatures T, T; of satu- 
rated steam, v, the specific volume of 





saturated steam at T,, and s the specific 
volume of liquid water. ‘Then we have 


T,—Ts. 
(Pp: —Ps) (¥—8) = 1, F ; 


Proceeding to the limit, and omitting the 
suffixes, we see that ‘ 
Dp 
L= (v—s) T at 
a relation which must be true, not merely 
for water, but for any fluid watever. (See 
Rankine, Art. 255, 256.) 
By aid of this equation, the work done 
in expansion of dry saturated steam can 
be found exactly, that is, without assum- 


ing the appoximate formula p vt — con- 
stant. (See Rankine, Art. 287.) 

By aid of this equation, also, the specific 
volume of steam is calculable when the 
latent heat of evaporation is known, and 
the law connecting its pressure with its 
temperature. (See Rankine, Art. 255, 256.) 
In the present state of our knowledge it 
does not seem possible to obtain the den- 
sity of dry saturated steam in a perfectly 
satisfactory manner. For it seems to us 
still an open question, whether the steam 
experimented on by Reznault, when deter- 
mining L, wasaccurately in this condition; 
while, on the other hand, it is still more 
difficult to feel satisfied that the steam of 
Fairbairn and Tate contained no moisture 
attaching itself to the glass globes in which 
the experiment was made. But inasmuch 
as Regnault’s steam was formed under cir- 
cumstances not unlike those of actual 
steam engines, we think the calculation 
volumes cannot be greatly in error for 
actual steam. 

We shall compare the actual steam en- 
gine with the perfect steam engine further 
on; our present object has simply been to 
prove the above relation. 

SUPER-SATURATED STEAM. 

25. In an ordinary steam boiler, the 
steam produced almost always contains 
more or less water suspended in it, and in 
this state may be said to be super-satura- 
ted. If we suppose that every pound of 
the steam consists of x pounds of dry satur- 
ated steam, and 1—-x pounds of moisture, 
then zx will be a fraction which, for the 
sake of a name, we shall call the dryness 
of the steam, so that when 7—1, the steam 
will be perfectly dry, and when z=0, it will 
be wholly water. 

Let V be the specific volume of steam, 
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the dryness of which is x, v the specific 
volume of dry saturated steam, and s the 
specific volume of liquid water, then evi- 
dently, 
V=(l-2)st+xrv 

= £(v—s)+8 

or if we write 
v—-s =u 

Vo=ru+s, 
where u is a quantity which may usually 
be taken equal to v, and, unless « be 
small, s may be neglected in comparison 
with uz, so that approximately 


V=ve 


Now let us suppose that one pound of 
water at ¢, is raised to the temperature ¢,, 
and partially evaporated under the corres- 
ponding pressure, so that steam is pro- 
duced, the dryness of which is z,. Assum- 
ing the specific heat of water unity, it is 
evident that the heat expended is 

Q=772 (t, -t,) +2, .L 
Also the volume of the steam is V, and of 
the water s, therefore the external work 
done isp, (Vi—s)=p, xu, and hence it 
follows that the heat expended i in internal 
work must be 
Internal work = 772 (¢, —t,)-+ 2, (L,—p, %,) 

= 772 (t, -ty) + pit, 

where p, is the internal latent heat of evap- 
oration, the meaning of which is explained 
in 7. 

And farther, if steam of temperature ¢, 
and dryness 2, be changed into steam of 
temperature ¢, and dryness x,, we shall 
evidently have for the heat expended in 
internal work during the change, 

Internal work = 772 (t,—t,) + P: % —P, %. 

In conformity with the principle of Art. 6, 
which we have so frequently used, this is 
to be regarded as the heat necessary to 
produce the change itself; and to obtain 
the whole expenditure of heat in producing 
the change, we have only to add to it the 
heat expended in doing external work, so 
that : 

Heat expended=772 (t, —t,) ny P2 Ze —P, + ex- 

ternal work 

26. We shall now essai a case which 
does not occur in practice, but is never- 
theless of great importance, namely, the 
expansion of steam in a non-conducting 
non-radiating cylinder, that is, expansion 
without gain or loss of heat. 

Evidently we shall always have 


Ti2 (tg —t,) +e %_—p~,.%y + external work = 0 








or differentiating 
T72dt+d(ex)+ pdV=0 
but 
e= L—pw and V=au+s 
.° T72dt+ d(La)—d(pu2) +p d(uz)=—0 


that is 
7T72dt +d(L2)—uedp=—0. 


But in 21 we showed that 


dp 


where T is the absolute temperature 

.. T122.dt+d(L2) — Vt at=0. 
Dividing by T and Maer < dt by aT. 

dT 1 
that is 
772% a wee Ce ‘: — 

whence villian = we get 

772 log T +% 7% = constant (1) 


Suppose the as to change from the 

pressure and volume corresponding to 

T,, to the pressure and volume corres- 

ponding to ‘I’, then evidently 
Le 4 vy 


Ea 





or 


gone 
ees F. 





+ 772 log v) (2.) 


Since L=vT be and V =v # approxi- 


mately,* we get for the volume of the 
steam, 


1 
T 
weoFA(s a, an + T72log.—-) (3) 


in isis with the expression obtain- 
ed by Rankine in Art. 281 of his work, in 
which it is: to be remarked, that L does 
not mean the same thing as the L which 
we have just been using. 

The last equation enables us to find the 
volume of steam which hasexpanded, until 
its pressure has fallen from p, to p, for Tand 
-“F are both fanctionsof p ; the converse 


problem, however, namely, to find pwhen 

*The exact resu!t is easily written down, but the error of 
the ee is of the same order as that introduced_by 
supposing the specific heat of water unity as bs been done 
above. An exact investigation is given by Zeuner, but it 
uSeless to give it here, as special tables are required in com 
puting pumerical results, 
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the final volume is given, can only be solv- 
ed by trial, on account of the transcenden- 
tal form of the equation, and it is therefore 
desirable to find a formula connecting p 
and V directly. This was first done by 
Rankine, who found by numerical calcu- 
lations from equation (3), that the expan- 
sion curve was given approximately by the 
equation p V*==constant where» is an index 


to which he ascribed the valne v=l 111. 


Zeuner has re-examined the question, 
apparently with great care and accuracy, 
and agrees with Rankine in the form of 
formula, but ascribes to the index n a vari- 
able value, namely, 


n= 1. 035-4 =. 


depending upon the dryness of the steam 
in its original condition, with which modi- 
fication he finds the formula gives results 
agreeing well with equation (3), so long 
as the steam does not contain initially 
more than 30 per cent. of moisture. 

According to Zeuner, then, the equa- 
tion to the adiabatic curve is p V‘'* = 
constant when the steam is originally dry, 
and p V'"* = constant when the steam 
originally contains 30 per cent. of moist- 
ure, while for intermediate states of the 
steam, the adiabatic curve lies between 
the two curves given by these equations. 
If n = 1, we have the common rectangu- 
lar hyperbola, and whenever n> 1, the 
curve represented by p V"==a constant 
falls below the hyperbola. Zeuner’s con- 
clusion therefore is, that the adiabatic 
curve falls below the hyperbola, but ap- 
proaches it the more nearly, the greater 
the amount of moisture in the steam. We 
shall return to this presently. 

27. We can now find the work done 
during the expansion of super-heated 
steam in a non-conducting non-radiating 
cylinder, for evidently we have 

External work= 772 (¢, —t,) + p, 2, —ps Z- 
where the suffix 1 refers to the steam just 
before expansion commences, and the 
suffix 2 to the steam at the end of the 
expansion. But «x, is found from equation 
(2) of the last article, and 
Pp = Lg—Pp Uy 
hence, by substitution, we obtain the work 


done during expansion of the steam, to 
which we must add the work done dur- 


pL, —-pi % : 





ing admission of the steam, namely, p, v, 


x, in order to get the whole energy exerted 
on the piston. The same result is ob- 
tained by integrating equation (3), and 
adding p, v, x, (See Rankine, Art. 284.) 

An approximate result is likewise ob- 
tainable by finding the mean pressure, on 
the assumption that the expansion curve 
is of the form pV"=constant. 

The complete calculations of Rankine 
(Art. 284), on the supposition that 2,==1, 
will be found to present no difficulty, and 
can be easily modified to suit the case 
when 2, is not unity. 

28. In an actual steam cylinder, well 
clothed so as not sensibly to radiate heat, 
but not provided with a steam jacket to 
communicate heat to the steam, the cir- 
cumstances of the expansion are not the 
same as those just supposed, for although 
on the whole no heat is gained or lost by 
the steam, yet evidently at the beginning 
of the stroke, heat is abstracted from the 
steam, and at the end of the stroke, heat 
is given out to the steam, the temperature 
of the cylinder having some value inter- 
mediate between the greatest and least 
temperatures of the steam. If the law 
according to which the cylinder exchan- 
ges heat with the steam were known, it 
might be possible to find the expansion 
curve and the final pressure of the steam. 


+— 








< 
No attempt has yet been made to do this; 
but we see that the general effect on the 
curve must be as shown in the figure, 
where A C B is the adiabatic expansion 
curve and A C' B' the actual expansion 
curve; the pressure in the actual curve 
will fall more rapidly than in the adia- 
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batic curve at the commencement of the 
expansion, and less rapidly at the end of 
the expansion. The question whether the 
final pressure can ever rise (as shown in 
the figure) above its value in the adiabatic 
curve, will be considered presently. 

29. The expenditure of heatin an engine 
working with super-saturated steam, 
whether provided with a jacket or not, 
may be found thus:— 

The heat expended in internal work, 
when a pound of water at ¢, is changed into 
steam of temperature ¢, and dryness 2,, is 
given by (see Art. 25) 

Internal work = 772 (¢, — t,) + ps2 %, 

. *. Heat expended = 772 ((, —t,) +p, % 
+-external work, and hence if V, be the 
final volume of the steam in a steam cy- 
linder, the pressure equivalent to the ex- 
penditure of heat is given by 
p= me + 7 + Pm 
but V, = v, 7, approximately where v, as 
usual is the specific volume of dry satu- 
rated steam, and therefore 

772 (ty —t,) 

a 

where L, is as usual the latent heat of 
evaporation of water at temperature ¢,. 

This formula becomes identical with the 
one formerly given for dry saturated 
steam if 2,—1, and we might reduce it to 
a simpler form in the same way as was 
done in Art. 13. 

We can now, as in Art. 12, distinguish 
between the heat supplied in the boiler 
and the heat supplied otherwise, for 
let x be the dryness of the boiler steam, 
t, its temperature, then the heat supplied 
during evaporation per lb. of steam 
must be 


L 
+; + Pm —Pe 
2 


772 (t, -t,) +2, L, 
and the pressure equivalent to this heat 
is ieee 
uni i=l a, L 


The remainder p,—p', is the heat supplied 
by a steam or hot-air jacket to the steam 
while in the cylinder, which heat is given 


by 





«, 
aa 
pr —p's = “ay 
For example, let there be no jacket, 
then 
- tg Le—a, L, + (Pm—pe) &e Ve = 772 (t, —ty) 


-L; 


5 772 (t, -t 
$t~m+ Se 


L_g—Ue 





whence 

' _ 7 (t, —t.) +2, L, 

. Lig +( Pm--P2) V2 
an equation which enables us to find the 
dryness of the steam at the end of the 
expansion, if the final pressure of the 
steam be known, the mean pressure, and 
the original state of the steam. These 
quantities, except the original dryness of 
the steam, can be found from an indicator 
diagram. Two methods have been used 
by Hirn to determine z,, by using salt 
water and observing the amount of salt 
in the condensed steam, another by ob- 
serving the heat given out when the steam 
is condensed ; in this last method care 
must be taken to observe with exactness 
the circumstances of condensation, other- 
wise the results will be worthless. (Comp. 
Art. 6.) Supposing this difficulty over- 
come, comparison of the above formula 
with experiment would throw a good deal 
of light on the action of the sides of the 
cylinder, a question about which much is 
said, but little is accurately known. 

The dryness of the steam at the com- 
mencement of the expansion is found 
from x, by considering that 

Xe Vg = 1 x,' v, (very approximately) 
where r is the ratio of expansion and z* 
is that dryness, which of course is less 
than z, since, during admission, steam is 
condensed. 

30. Till more is known of the action of 
the sides of the cylinder, it is impos- 
sible to say whether it is possible for 
the final pressure of the steam to rise 
above what it would be if the expansion 
curve were an hyperbola, as it has been 
sometimes supposed to do by observa- 
tion of indicator diagrams. 

If the sides of the cylinder had no sen- 
sible action, and the cylinder were not 
jacketed, Zeuner’s calculations mentioned 
above show that the curve approaches the 
hyperbola the more moisture the steam 
contains, and hence Zeuner concludes that 
the action of the sides of the cylinder 
has been over-estimated. This, however, 
would not account for the cases in which 
the curve has been supposed to rise up to 
and above the hyperbola ; in a jacketed 
cylinder this no doubt might happen, if 
the steam were originally moist ; in an 
unjacketed cylinder the question cannot 
at present be answered positively. 

In actual indicator diagrams the reader 


(L.) 
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must remember that leakage of the valves 
frequently takes place, and we think it 
possible that in some cases the effect of 
clearance may have been overlooked, 
which effect is very considerable at high 
rates of expansion. 

If the curve be supposed an equilateral 
hyperbola, the formula of Art. 20 enables 
us to find the dryness of the steam at the 
end of the admission and at the end of 
the expansion ; but a small deviation from 
the hyperbolic form will produce a con- 
siderable difference in the results. 

31. In the foregoing articles we have 

‘ neglected the cooling of the cylinder by 
radiation to external bodies, and to the 
exhaust steam during the return stroke, 
while on the other hand we have also 
neglected the effect produced by piston 
friction and by wire-drawing. 


SUPER-HEATED STEAM. 


32. The hypothesis that super-heated 
steam is a perfect gas, is known to be in- 
accurate even at temperatures of 30 deg. 
to 50 deg. F. above the saturation point. 
Hirn has attempted to find alaw to which 
steam should be subject when in the in- 
termediate condition between perfectly 
gaseous steam and saturated steam. The 
reader who is interested in this subject 
should refer to Hirn’s work, or to the 
chapter on super-heated steam in Zeuner. 


CAUSES OF LOSS OF EFFIENCY IN A STEAM EN- 
GINE. 


_ 33. The principal causes of loss of effi- 
ciency in a steam engine may be enumer- 
ated as follows :— 


(1.) Loss from the narrow limits of | 7 


temperature within which the engine 
works, 

(2.) Loss from the process imperfectly 
satisfying the conditions of maximum 
efficiency. 

(3.) Loss from resistance of passages. 

(4.) Loss from friction of mechanism. 

(5.) Loss by clearance. 

PA ng Loss by radiation to external bo- 
ies. 

_ The first of these causes of loss of effi- 
ciency is fully considered in Article 22, 
the consideration of the last four is pre- 
cluded by the plan of the present publi- 
cation, and there remains for considera- 
tion only the second cause of loss, which 
pbs subject of the two succeeding ar- 

cles. 





34, In order that a heat engine ma 
realize the maximum efficiency of whic 
T,-T: 
T, + 461 
the fluid undergoes must satisfy the con- 
ditions of maximum efficiency, that is— 
The fluid must receive heat at one constant 
temperature, and reject heat at another con- 
stant temperature. In the steam engine, 
when working under the most favorable 
conceivable circumstances, this condition 
is nearly but not exactly satisfied. For 
let us suppose that the ratio of expansion 
is such that the steam, after being cut off, 
expands until the pressure has fallen from 
the pressure in the boiler to the pressure 
in the condenser, and that that pressure 
corresponds to the temperature of the 
condenser, which in practice is not exactly 
the case, on account of the air contained 
in the steam; let us further suppose that 
the valves work perfectly, and that there 
is no loss by resistance of the exhaust pas- 
sages, so that the back pressure consists 
solely of the pressure corresponding to 
the temperature of the condenser: then 
the steam rejects heat at one constant 
temperature, and thus one condition is 
exactly satisfied. The other condition is 
only approximately so, for although satis- 
fied while the water is being evaporated 
in the boiler, it is not satisfied while the 
water is being admitted into the boiler, 
and its temperature raised from the tem- 
perature of the feed to the temperature 
of the boiler: it is the loss occasioned in 
this way that we shall here investigate. 

Supposing, as usual 


T, =absolute temperature 
iii a) “oe 


it is capable , the process which 


at admission. 
:= ** end of expansion. 
Pi» Pe» the corresponding pressures. 


x, x, the weight of pure steam in 1 Ib. of 
the actual steam at beginning and end of 
expansion. 

L, the latent heat of evaporation of water 
at T,, then we know that the external work 
done, when 1 |b. of water is evaporated 
and expanded from pressure p, to pressure 
Pa 1— 


U! == L, et 


—T, 
T, 

but we know that the greatest amount of 
work obtainable from a given amount of 


heat Q is 


+772(T, -T,)—772T, log! 


oe 
edad. tin 


and if we take Q equal to the total heat 
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ef evaporation of water from T, at T, we | It is this last part of the process which is 
get omitted in the steam engine: ag 
T, -T, ‘ instead of forcing water into the boiler, 
nin (, o FTE -)) we ought to take the exhaust steam a 
It is now evident that U—U' is the| little before it is all condensed, and com- 
work lost from the process not fulfilling | P™SS it without gain or loss of heat until 
the conditions of maximum efficienc it is all condensed into water of the tem- 
- perature of the boiler. It is true that 
U-—U!= 772 T,. log qi-Tiase (T,-T.) work would be spent in producing this 
. ’ compression, and this work would be 
Dividing by U we get for the percentage | greater than that lost in working an ordi- 
ofloss by imperfection of the process nary feed-pump; but the heat necessary 
T,—T, to raise the temperature of the feed-water 
U_-U! a9) would be saved, and putting aside fric- 
rh - tion, the heat so saved would be greater - 
a (i, oy TIRE, -T)) than the work so spent by just the 
: — ' amount lost by the imperfection of the 
this formula likewise serves for the high- process. 
pressure engine, in which T, corresponds|* 6) the whole, however, this cause of 
with 212° F. , loss is an unimportant one compared with 
,As a numerical example, suppose @ others, such as, for instance, that which we 
high-pressure engine working at @ pres-| noxt consider namely, that due to incom- 
sure of 5 atmospheres, which corresponds plete expansion. 3 
to T.=767° F.; also, suppose the steam 35. The expansion may be said to be 
from the boiler to be exactly saturated, complete when it is so great that the final 
oo *, —. then, since T,=212° F.+- presssure of the steam is that of the con- 
HlranGis° F. , denser (or atmosphere); when this is not 
v_y: 772 x 678 (logis? < pt the case, the condition of maximum 
er I = efficiency, that the steam should reject 
kJ = 768,03 heat at a constant temperature, is 
16% (x ” venous) violated, and a loss arises. Nevertheless it 
but 767 94 is seldom or never possible to employ so 
log Ty = - 183; aaz= - 122 great an expansion without introducing 
, U-U! _ 772 x 673 x 11 044 A N 
— 4xtnneaew 86] sf 
In this case, then, the loss by imperfec-. 
tion of the process is about 4} per cent. 
of the available heat, a loss which is, 
somewhat increased if the steam be not, ; 
exactly saturated initially. The effect is, as; B 
might be expected, greater in condensing 
cuyined, and at pressures of 120 lbs. and up-| 
wards rises to 10 percent. If the feed-) 4, jreater than the efvantmcre qainell. 
water be at a lower temperature than the: In mame, a different ratio “7 coh 
condensing steam, the effect is of course r, must be employed, and the loss so aris- 
Greater still. . 4, jing aay be thus estimated:—The work 
To see how this loss of work might! done by 1]b. of steam, admitted at pres- 
theoretically be remedied, we must con-' gure o cd exeanded » times. ic resue- 
sider the difference between the actual! eet b aaa ania ANDFE ce aioe 
series of operations on the steam and the; figure sn which CF re acne onal A 
serics supposed in a perfect heat engine. Keopresadte », and if — vl dl ease 
In a perfect heat engine the fluid receives | be ayenamnaisionst that area A Seam Oy 
heat at constant temperature, expands} ; erry 
without gain or loss of heat, rejects heat Ure PVs (» me ()y) 
at constant temperature, and then is com- a—t :, 
pressed without gain or loss of heat till|\where V, is ithe specifie volume of the 
finally it arrives at its initial condition. | steam originally, which, when the steam 
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is exactly saturated initially, is simply v,. 
Subtract from this the area B C F E due 
to back pressure, which, for the present 
purpose, is supposed simply that corre- 
sponding to the condenser temperature, 
and we get 


vB (L ne 


which is the actual work done by 1 lb. of 
steam on the suppositions made. 

The maximum amount of work available 
is given by 
T,—T, T,—T, 


' (L, #,-++ 772(T, —T,)) = — - Hy 
: L 


U= 
the suffix 4 now corresponding to the 
condenser temperature ; hence the loss 
is U—U"” and the percentage of the 
available heat lost from this cause is 
given by 

U-U" _ 

7 = 


Bi Uv" 
T, —T 


“-, * 
1 n-1 
T alll ole 
Tt, Part (2G ) Bs 
n—-1 Pr 

This loss includes the loss by imperfection 
of the process of the last article, and sup- 
poses the feed-water to have the tempe- 
rature (T,) of the condenser or atmos- 
phere, as the case may be. 

As a numerical example, suppose an ene 
gine working with boiler pressure 4} at- 
mospheres, condenser pressure !; atinos- 
phere, ratio of expansion 6, let the steam 
be originally saturated, in which case 


=]— 


n=1.035+ ae = 1.135 (Zeuner’s formula). 


and we have thence 


1 a-l 
~ () ° FO wf 
en ee T, =760°; T, =115°-+-461=576 
V, =v, = 6.2 cubic feet ; H — 906000 — 62000 
P, = 66 = 844000 
76 X66 x 14462 *.6< 6 
~ 184 Xx 844000 ; =) 


=l—.713=. 


The causes of loss explained in this and 
the last article, may be conveniently class- 
ed together, and described as the loss oc- 
casioned by the conditions of maximum 
efficiency being imperfectly satisfied. In 
the numerical example just given, we see 
that 29 per cent. of the available heat is 
lost in this way, and itis, in fact, always a 





very considerable cause of loss of efficien- 

cy.* ; 

FUNDAMENTAL FORMULA FOR THE FLOW OF 
GASES. 

86. The outflow of gases and vapors 
from a pipe or orifice is a very important 
question, and will now be briefly consider- 
ed. 

Two elementary methods of proving the 
fundamental formula are given by Zeu- 
ner, both of which are worthy of men- 
tion. 

First Method.—Conceive two cylinders 
A and B of different sizes, and two pistons 
moving in them; B is indefinitely less than 
A, and moves with a velocity u, while A’s 
motion is very slow. Let the piston pres- 
sures be p, and p,. 

Every element of the fluid contained 
between the pistons changes its pressure 
from p, to p, in passing from A to B. Sup- 
pose lib to pass, and let its volume while 
in A be v,, and when in Bv,, then the 
work done by the expansion of that pound 


as it passes from A to B isf "?ndv. Also 
. 


i 
A’s piston sweeps through the volume 
v, during the passage of the 1 Ib., and the 
werk done on the piston by the pressure 
p, is consequently p, v. Hence the work 
done by and upon the fluid during the 
passage of each pound from A to B is 


Pir +f" paw. 
v 


1 
Now this amount of mechanical energy 
is spent, first, in generating vis viva in the 
fluid; secondly, in overcoming the pressure 
on B’s piston. 


% Py M, +f" pdv=S-+p, Vs 
yy g 


ut 


2g 


reretri vit ft pdv 
i 


Second Method.—The foregoing method 
is based on mechanical principles solely, 
but it is preferable to reason thus: 

Unity of weight is conceived to be at 
rest in the cylinder A under the pressure 
Py, and then to pass into the cylinder B, 
where itis moving with velocity u, and is 
under the pressure p,. 

Let us suppose that its internal work is 





* The numerical examples of this article and the last are 
taken from Zeuner's work, fron. which also the articles them- 
selves are condensed with sume i i 
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changed by a quantity I, which is known 
when the change of pressure and volume 
are known, and which quantity is, as be- 
fore explained, independent of the way in 
which the change has been produced. Let 
us further imagine that a heat Q has been 
applied during the passage from A to B. 

Now, first consider the whole mass of 
fluid between the pistons; the external 
work done by it is 

Pe V2—Pi My 

and the change of internal work is I, since 
all the fluid, except the quantity actually 
passed from A to B, is in the same state as 


before. Also the semi-vis viva generated 


is a We have, therefore, 


' u? 
Q=lty +m Ve—P; V)- 





But considering the 1 lb. only, we evi- 
dently have 


Q=I1+ f/f  pdv 
La 


Hence, as before, 
A. | =— ad vdp. 
29 Pr ” 

No use, of course, can be made of this 
equation till we know the law according to 
which v varies with p. The application to 
the flow of gases is given in Rankine’s 
“Applied Mechanics,” Arts. 637, 6374. 
The application to the outflow of steam, 
more especially with reference to Napier’s 
experiments, is given in an article by Ran- 
kine, in the “Engineer” of November 26th, 
and December 3d, 1869. 





ROLLING vs. HAMMERING INGOTS.* 


By A. L, HOLLEY Esq. 


In order to put sufficient work on steel 
ingots for rails, they must be reduced 
from about 12 in. sq. As this cannot be 
done at one heat they are first drawn 
down to about 7 in. sq., and then reheated 
and rolled into rails. This first reduc- 
tion, or “blooming,” is usually done in this 
country ina 30 in. 3-high rolling mill, with 
movable rolls, so as to get several reduc- 
tions in each set of grooves. The first of 
these mills has been running at the Troy 
Steel Works above a year, with great suc- 
cess. Another at the Cambria Iron Works 
has been running above 6 months, and 
has produced 140 tons of rail blooms from 
12 in. ingots in 24 hours. The mill was 
not then fully employed, the limit of capa- 
city being a single Siemens heating fur- 
nace. 

The practice is now being introduced of 
rolling long 12x14 in. ingots, instead of 
short 12x12 in. ingots, thus producing 3 
rail blooms at one rolling, instead of two, 
end saving largely in labor and fag-ends. 
As the handling of the piece at the rolls, 
and indeed its charging and discharging 
at the furnaces, are performed by steam 
power, the large ingot requires no more 
men than the small one. The ca- 
pacity of a blooming mill, rolling 3-rail 
— may be safely put at 200 tons per 

ay. 





* From a paper read before the American Institute of Min- 
ing Engineers at Philadelphia, February, 1872. 





In England, and also at the Pennsyl- 
vania Steel Works at Harrisburg, the rail 
ingots are reduced to blooms by hammer- 
ing, usually under 10 to 15 ton hammers. 
The 13 ton hammer at Harrisburg is a 
first class tool and the practice with it is 
usually good. Its maximum production 
is about 75 tons of blooms per day, or 
much less than half that of a rolling mill 
which cost, with its engine, about the same 
money. A smaller number of men and 
less skilled and high priced men are em- 
ployed at the rolling mill. By the use of 
Mr. Fritz’s feeding tables, the labor at 
the rolls is reduced to little more thin 
directing the operations of the machinery. 

Three rail ingots cannot be advanta- 
geously handled under a hammer. _ 

The impression has heretofore existed 
among railway men, that the quality of 
what they call hammered rails is superior 
to that of rolled rails. The use of the rai/s 
has not developed this impression so far 
as can be ascertained. The impression is 
not founded on the fact that iron is im- 
proved by hammering and that the high- 
est priced steel—such as tool steel—is 
hammered rather than rolled. 

It is true that the pressure of the ham- 
mer is greater and more concentrated 
than that of the light rolls usually employed, 
and that the hammer may expel more 
cinder, in the early stages of iron manu- 
facture. The real reason why the ham- 





iat fe te ae ie ae a A i 


'iaeelUelUMSUOUlUNWThLCU WUE 


ROLLING VS. HAMMERING INGOTS. 


27 





mer is used in iron mills, however, is be- 
cause it will work large and hard puddle 
balls and piles for which there is no ade- 
quate rolling machinery at hand. That 
rolls are preferred to hammers, even for 
iron, in the most improved practice, is 
shown by the introduction of véry heavy 
squeezers instead of hammers, for redu- 
cing the large puddle balls of the Danks’ 
furnace. 

The hammer certainly increases the 
density of the iron or steel bar, as com- 
pared with rolling. The rolls crowd the 
fibres back, as well as towards the centre; 
the action of the hammer is exclusively 
towards the centre. This is conspicu- 
ously shown in treating large ingots. The 
velocity of the hammer is greater than 
that of the periphery of the roll, hence the 
effect of its impact is greater on the sur- 
face of the ingot, while that of the rolls 
is more distributed throughout the thick- 
ness of the ingot. It would therefore be 
supposed that the hammer would draw 
the surface of the ingot so much as to 
leave concavities in its ends. The rolled 
bloom is cup-ended, although it is more 
uniformly condensed than the hammered 
bloom. The result of this must be, and 
the fact is, that the rolled ingot is less 
dense; it weighs less per cubic in., but at 
the same time it is more uniform in struc- 
ture. Now this density does not pro- 
mote toughness in steel, whatever it may 
do in iron, while uniformity does promote 
toughness, and this is the quality to be 
most carefully looked after in the steel 
rail manufacture. Nearly all steel rails 
are hard enough for wearing purposes, 
and their hardness can be increased by 
chemical means, with the greatest uni- 
formity. and convenience—indeed the 
trouble is to sufficiently keep down phos- 
phorus, silicon, and other hardening 

ents. 

It is stated that the carbon in hammer- 
ed steel is chemically combined, while 
that in rolled steel is graphitic. If this is 
the fact in regard to rails, it is a strong 
argument in favor of rolling. As we have 
just observed, steel-makers with the irons 
they have find difficulty enough in mak- 
ing their rails mild and though, without 
being subjected to the additional embar- 
rassment of chemically combined carbon. 
It is well known that the tool-maker’s 


process of hardening is simply combining 
the carbon, while annealing—that safety 





process to which boiler plates and for- 
gings are subjected to give them .tough- 
ness, consists in simply rendering this 
carbon graphitic-—the same thing that 
rolling is said to do. 

But, in fact, rail-makers are not em- 
barrassed by the hardening process imput- 
ed to hammering, because there is no such 
thing as a hammered rail, or as a struc- 
tural condition of rail due to hammering. 
Whatever the condition of carbon in a 
hammered bloom, it is graphitic in the 
rolled rail. The reheating of the bloom, 
and its subsequent treatment by rolling 
alone, probably leave the physical condi- 
tion of the steel substantially the same as 
if it had been rolled rather than ham- 
mered before reheating—excepting only 
the condition before mentioned, due to 
the character of the pressure—the rolled 
steel is less dense, and is more uniform. 
This uniformity is further increased by 
the fact that the temperature of a rolled 
ingot is practically the same at each pass, 
while the hammered ingot is reduced at’ 
varying temperatures. 

A very large number of experiments 
have been made, at Troy and Johnstown, 
on rolled and hammered ingots from the 
same steel, and although the results con- 
firm the above reasoning, rather than 
contradict it, the difference in the quality 
of the rails isnot very marked. In fact, 
a large number of rails rolled direct from 
9 in. ingots, are wearing as well, so far 
(3 years) as rails made from either ham- 
mered or rolled 12in. ingots. In making 
complete tests—tests to destruction—it is 
unnecessary to say that the size of the in- 
gots experimented on by the hammer and 
the rolls, should be the same. A test in 
which rolled 9 in. ingots are compared 
with hammered 12 in. ingots, has no value. 

The use of hammers or rolls for bloom- 
ing seems to resolve itself, then, into a 
question of cost of product, as it has been 
impossible to establish, so far, any marked 
difference in quality—certainly none in 
favor of hammering. 

We have shown that the rolling mill 
has over twice the capacity for a given 
cost, and that it employs less labor. An- 
other advantage of the rolls is, that their 
collars hold up the corners of the bloom, 
thus reducing its cracking, and making 
sounder rails, as well as a larger num- 
ber of first quality rails from a given 
number of ingots. Rolled blooms are of 
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exactly uniform cross section, while ham- |be reduced to a uniform minimum, while 


mered blooms must vary considerably. 
Hence the crop ends of the former may 


a large allowance must always be made in 
hammering. 





THE AUSTRALIAN OVERLAND TELEGRAPH. 


From ‘‘Engineering.” 


It seems almost strange that im these 
times of telegraphic progress and exten- 
sions, we should actually possess a long 
length of submarine cable, submerged, 
in perfect working order, and yet utterly 
valueless to the public. It is, indeed, the 
case, and we have hitherto refrained from 
calling attention to the fact in the hope 
that the matter would be remedied, but 
week after week has passed by, until 
months have elapsed since the cable was 
laid, and yet we are without its utility 
being brought into the public service. 

We allude to the Australian cable, laid 
from Banjowangy, in Java, to Port Dar- 
win, in Australia, submerged as far back 
as November, 22d, 1871, and now lying 
useless in consequence of the noncomple- 
tion of the land lines in Australia. It 
must be acknowledged that there are, and 
have been, many difficulties in the way of 
the completion of the land lines, but still 
there must be something radically 
wrong in the fact, that along and valu- 
able submarine cable should remain 
for so greata time unused. To under- 
stand the question in a proper light, it 
will be necessary to give some history of 
the cable. 

The British Australian Telegraph Com- 
pany made its appearance in January, 
1870, in connection with the various Sub- 
marine Telegraph Companies between 
England and India. The object of the 
Company was to establish telegraphic 
communication with the colonies of Aus- 
tralia, Tasmania, and New Zealand, by 
the means of two cables, from Singapore 
to Batavia, and from the south-eastern 
part of Java to Port Darwin, on the 
north-western coast of Australia, the 
communication being’ carried through 
Java by the means of the lines belonging 
to the Dutch Government. From Port 
Darwin, a land line was to be constructed 
across Australia to Burketown, in Queens- 
land, atthe head of the Gulf of Carpen- 
taria, a distance of about 800 miles, thus 
bringing the cable into communication 





with the principal points in the colonies. 
The contract for the work was taken by 
the Telegraph Constraction and Mainte- 
nance Company, who undertook to com- 
plete the line by the end of last year; this 
referred to the land lines as well as the 
cables; the latter are complete in every 
respect, the former are not; the reasons 
why we will presently show, but state 
here that as regards their non-comple- 
tion the contractors are in no way to 
blame. 

Soon after the Company was formed, 
other arrangements for the land lines 
were set on foot, and the South Australian 
Government entered into arrangements 
with the Company for erecting, at the Co- 
lonial Government’s expense, a land line 
across the continent direct from Port 
Darwin to Port Augusta, near Adelaide, 
a total length of 1400 miles, of which the 
estimated cost was £108,000. The land 
line was shortly afterwards commenced, 
and was supposed to have been in work- 
ing order by the date the cable was to be 
laid. 

Necessarily, the portion of the con- 
tract relating to the erection of the land 
line to Burketown was altered, and the 
contractors reduced the amount of their 
contract by £52,000, which may, there- 
fore, be taken as the estimated cost of the 
800 miles of line from Port Darwin to 
Burketown. 

It isa matter of the greatest possible 
surprise to almost every one, that these 
arrangements were completed, and the 
astonishment was great when the colonies 
of Queensland and New South Wales al- 
lowed the South Australian Government 
to steal such a march upon them. 
Queensland was only 800 miles off, tele- 


graphically, from Port Darwin, whilst 


South Australia was at the least as much 
as 1400 miles; on the one hand the long 
route would pass through a terra incognita, 
doing little or no good, and costing an 
enormous sum fur annual maintenance ; 
the other, a shorter route, on the other 
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hand, would pass almost entirely, saving 
at the commencement, through colonized 
districts, and would serve such important 
places as Burketown, Cardwell, Rock- 
hampton, Brisbane, Sydney and Mel- 
bourne, and thence to Adelaide and to 
Tasmania. 

The more we look at the matter the 
less comprehensible is it that such an ar- 
rangement should have been brought 
about. It cannot be for commercial ad- 
vantage, that is evident, and it could only 
be, therefore, for political reasons; it is a 
matter of regret that the money of the 
colony should have been so wasted; it 
must also be remembered that the non- 
completion of the overland line renders 
the cables useless, and consequently al- 
lows a large amount of capital to lie idle. 

The original line was to have cost 
£52,000, the Port Augusta line was esti- 
mated at £108,000, and already £220,000 
have been expended, and the line still 
remains incomplete. 

There have been numerous difficulties 
in prosecuting the work. In the first 


place the length is in excess of. that esti- 
mated, and it may be imagined that to 
earry wire and material across an unknown 


country must necessarily be a matter of 
great difficulty. This has proved to be 
the case, for, although a large portion of 
the line has been constructed, there re- 
mains a comparatively short portion which 
it seems is impossible to erect or to tra- 
verse with horse expresses. 

Our latest advices from the colonies 
inform us up to the beginning of February 
that the lines had arrived at such a stage 
that ‘telegrams were then expected 
through. We are now two months later, 
and practically are in statu quo. The south- 
ern portion of the line from Port Au- 
gusta, at the head of Spencer’s Gulf, to the 
end of the fifth section beyond Central 
Mount Stuart, is ready for work. During 
December and January operators were sta- 
tioned at different points along the line, 
and telegrams came down from the Alice 
Springs in the MacDonnel Ranges in the 
first week of the year. These ranges are 
1100 or 1200 miles from Adelaide. On 
the 15th of January the working party, 
under Mr. Clarke, was pushing on from 
the Alice Springs to the end of the fifth 
section, 30¥ or 370 miles north of the 
Springs, and the farthest point northward 
to which the southern line has been car- 





ried. From the fifth section to the 
southernmost end of the northern line 
coming down to meet it from Port. Duar- 
win there is a gap which is supposed to 
be about 300 miles wide. This gap is be- 
tween the Roper Springs and the northern 
point of the southern line above the Alice 
Springs. The line from Port Darwin to 
the Roper River is completed; and it 
must be borne in mind that this portion 
of the route is common to the Adelaide 
and Burketown routes, Burketown being 
about 400 miles from the Roper River. 

As soon as the end of the fifth section 
had been reached, Mr. Clarke’s instruc- 
tions were to despatch a party across the 
gap with a telegram for England. The 
non-arrival of the message naturally leads 
one to the supposition that for the present 
the gap is impassable; it is not difficult 
to imagine natural causes which would 
produce such a result. As soon as the 
message had got through and the party 
had returned it was intended to bridge 
across the gap by horse expresses. The 
difficulties encountered in this gap were 
not improved by the presence of blacks, 
who, it appears, had already murdered 
one man. : 

The difficulties attending this route, 
should it be found possible to complete it, 
are quite sufficient to cost a large sum for 
maintenance, and what is worse, are suffi- 
cient to shake belief in the line as a direct 
means of communication between such 
important points. The telegraph should 
be reliable and depended upon, but, as it 
is evident that such is not the case, an 
alternative line is absolutely necessary; 
this is easily accomplished by a line across 
the first route proposed, viz., to Burke- 
town. There is no question about the 
matter at all. This line must be erected, 
and the sooner the better; indeed, it is 
a pity that it was not done at first. 

What is, then, the present position of 
affairs? We possess telegraphic commu- 
nication with Australia, utterly valueless 
for the present, in consequence of there 
being two gaps which cut us off from the 
existing colonial lines. The first gap is in 
the new lines being erected, and appears 
caused by the difficulty, if mot impossibil- 
ity, of overcoming some obstacles. which 
nature has placed in the way; the second 
gap is between two already existing lines, 
the submarine cable and the Queensland 
colonial lines, which appears from the 
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supineness and want of energy of the 
colonists likely to remain unfilled. 

There is now an opportunity for the 
Queensland and New South Wales govern- 
ments to distinguish themselves and 
benefit their colonies by erecting this short 
length of line, and bringing at once all their 
important towns in direct telegraphic 
communication with China, India, and 
Europe, instead of allowing them to go the 
roundabout way through Adelaide. We 
are all anxiously awaiting the completion 


‘of an overland route, so that we may ob- 


tain some use for our cable, now reposing 
unemployed and unremunerative; and, as 


the period does seem somewhat indefinite 
|when the South Australian line will be 
|completed, we can but trust that some 
| energetic measures will be at once under- 


taken to erect the Burketown line, and 


thus give us communication direct, and 


what would be equally desirable, should 


the other route be completed, an alter- 
| native line. 





LOADS ON GIRDERS. 


From “The Engineer.’’ 


In designing a girder for moving loads, 
the strains to which the various parts of 
it will be subjected result from either the 
simultaneous or independent action of the 
dead weight and of the live weight which 
may at any moment be brought uponit. The 
former of these, or the fixed load, is pre- 
sumed to be uniformly distributed over 
the whole length of the span, while the 
latter, or moving load, obviously affects in 
succession each individual unit of it. The 
fixed or stationary load consists, first, of 
the weight of the entire girder itself; and, 
secondly, of that of the platform or con- 
stant weight resting upon the girder. It 
is proposed to point out in the present ar- 
ticle, that, although in cases where the span 
of the girders is small, the assumption of a 
uniformly distributed dead load may be 
adopted without sensible error, it is very 
far from affording accurate results when 
the span is large. The form and charac- 
ter of the girder will also have some in- 
fluence upon the question. Let us first 
consider the weight of the girder itself, 
and the manner in which the flanges and 
web are separately affected by it. Sup- 
the girder to have parallel top and 

ttom flanges. Theoretically, the strain 
at the centre of each of these is a maxi- 
mum, while at the extremities, or imme- 
diately over the bearings, it is equal to 
zero. Consequently the sectional area ef 
the flanges at the centre is likewise a 
maximum, and but for practical consid- 
erations would be also nil at the extrem- 
ities. As a fact, it is considerable at 
. these points. The width of the flange is 
usually maintained constant, and the re- 





duction in the sectional area affected by 
diminishing the thickness. This practi- 
cal necessity for constructing the ends of 
girders with, parallel flanges a good deal 
heavier than actual theory demands, tends 
to favor the assumption of the uniformly 
distributed load,—at any rate, so far as 
their own.weight is concerned. The weight 
of a girder, and consequently that of the 
flanges, is obtained in the preliminary 
calculations either from a similar existing 
example, or bya rough estimate. In both 
cases the result is approximative only. 
From this the sectional area required at 
the centre is calculated, the weight having 
been regarded as constant for each unit 
of length in the span. But in reality this 
is incorrect, since the average weight is 
not identical with that at the centre, but 
equal to 2 of it. There is an accumula- 
tion of weight at the centre of the flanges 
in large girders which should be taken ac- 
count of. A careful calculation of the dif- 
ference in the strains caused by the sup- 
position that the weight of the flanges is 
constant, and the more accurate method 
which causes the central to exceed the 
average weight in the proportion of 3 to 
2, will demonstrate that in the latter case 
the sectional area at the centre would be 
increased by }. The reason why, in small 
girders, the assumption of a uniformly 
distributed load may be adopted without 
error is, that, in the first place, the total 
weights are small, and secondly, any dis- 
ee pee in any one part is compensated 
for by a similar disproportion in another. 
This sometimes occurs in large girders, in 
which the great weight of the flanges at 
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the centre is nearly counterbalanced by 
the extra amount of material in the web at 
the ends. 

Among the many advantages possessed 
by the bowstring type of girders is that 
the weight of the flanges is theoretically 
nearly uniform, and in practice the sec- 
tional area is usually constant throughout 
each flange. When the span and depth 
of the girder are so proportioned that the 
parabola may be replaced by the segment 
of the circle, the percentage of the increase 
of strain towards the ends is so small that 
it may be disregarded when the object is 
the determination of the weight of the 
flanges. Instead of the weight of the 
flanges only, if the total weight of the 
girder be taken into consideration, this ex- 
cess towards the ends will be found to be 
compensated for by the corresponding in- 
crease in weight in the central part of the 
web. This is due partly to the greater 
length of the bars there, and partly to the 
fact that the strains upon the web increase 
slightly towards the centre. The reverse 
occurs in girders with parallel flanges, in 
which the strains on the web are greatest 
at the ends, and the bars, therefore, 
heavier than at the centre, thus tending 
to counterbalance the increase in weight 
of the flanges at that point. It is rather 
singular that while the disproportion in 
the relative sectional areas of the central 
and extreme parts of a girder with paral- 
lel flanges, compared with the similar dif- 
ference in the bowstring, is very large, the 
corresponding compensation in their re- 
spective webs follows the same law, both 
with regard to direction andamount. In 
addition to the extra weight at the ends 
of the web of a girder with parallel flanges 
required by the increase in the strains, 
there is also that due to the pillars and 
stiffening, which in deep girders is some- 
thing considerable. Not only is the shear- 
ing strain a maximum over the bearings, 
but there is at those points a tendency to 
deformation which must be practically 
guarded against. This was well exempli- 
fied in the experiments conducted on the 
strength of different forms of tubes in con- 
nection with the Britannia Bridge. To 
preserve the shape of the tubes during the 
experiments and enable them to exert 
their full power of resistance, without be- 
ing prematurely crippled by deformation, 
blocks of wood were inserted at the ex- 
tremities. In the experiments, also, upon 





the “ model tube,” the advantage of angle 
iron pillars was soon rendered manifest. 

The manner in which the permanent 
dead weight is ultimately brought upon 
the girder must determine whether it 
can be regarded as uniformly distributed 
over it or not. In other words, the dis- 
tance between the cross-girders must 
practically decide the point. Formerly 
the cross girders were placed closer to- 
gether than they generally are now, and 
the opinion of many engineers is, that, 
where circumstances permit, they should 
be placed from 10 ft. to 20 ft. apart, rail- 
girders being employed to maintain the 
communication between them and carry 
the rails. This plan has, undoubtedly, the 
merit of economy, but the localization of 
the strains resulting upon the main gird- 
ers is open to objection. One point is 
certain. Weights acting upon a girder, 
per saltum, at intervals of 10 ft. or 20 ft., 
cannot be considered uniformly distribut- 
ed. It is clear that the duty of distribut- 
ing the weight uniformly over the flanges 
falls upon the web. In this respect the 
continuous web has the first place, and 
the “ Warren” the last. When the inter- 
val between the cross girders does not ex- 
ceed 4 ft. or 5 ft., there is very little doubt 
but that, with a continuous web, the per- 
manent dead weight does fulfil the condi- 
tions which are erroneously supposed to 
obtain in other cases. On the other hand, 
there are many existing examples of War- 
ren girders, in which the points of junc- 
tion of the web with the flanges are placed 
a great deal too far apart to admit of a 
uniform distribution of the load. In these 
girders the assumption that the total load 
is evenly divided upon the apices of the 
triangles must be received with caution. 
It may, however, be accepted in the case 
of lattice girders, which have almost en- 
tirely superseded the Warren type. It is 
scarcely necessary to remark that the lat- 
ter type, as originally designed, has long 
since become obsolete. The result of de- 
signing a girder with parallel flanges on’ 
the incorrect basis we have alluded to, 
would be that it would be too weak at the 
centre and too strong at the ends. 

It sometimes happens that a method of 
calculation which is correct when applied 
to a certain class of structures is retained 
and employed in instances to which it is 
only partially, or perhaps not at all, adapt- 
ed. It has been admitted that a girder or 
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beam will practically bear, uniformly dis- 
tributed over it, twice the weight that it 
will carry concentrated at its centre. This 
conclusion, originally deduced from ex- 
periments on solid beams of timber, and 
true both theoretically and empirically, 
became in course of time received as hold- 
ing good for flanged girders, without any 
suspicion that it was only valid for certain 
parts of them. So far as the flanges are 
concerned, the rule may be considered 
sufficiently correct, but it is not so for the 
web, as a little consideration will at once 
indicate. If a given weight be placed on 
the centre of a flanged girder, the shear- 
ing strain upon each half of the web of the 
girder is equal to half the weight, and 
moreover is constant throughout the 
whole of the web. Thus, in a lattice gird- 
er, the strains upon each bar of the web 
resulting frofa a weight placed at the cen- 
tre would be equal, and their vertical 
component would be equal to half of the 
said weight, supposing there were only 
one system or series of triangulations. 
Now, imagine twice the above weight to 
be uniformly distributed over the girder. 
The vertical reaction will evidently be 
twice as great as before. But this reaction 
is equal to the vertical component of the 
strain upon the last bars of the web, or 
those nearest the points of support. Mani- 
festly, therefore, the strain upon each of 
these bars respectively will be twice as 
great as before. Again, at the centre, the 
strain upon the web with a uniform load 
is theoretically nothing, and practically 





very slight indeed. A girder designed on 
the datum described would, so far as its 
web was concerned, be too strong at the 
centre and too weak at the ends. The 
former anomaly would, unless in large ex- 
amples, not be of much importance, as the 
central bars of the web are, for practical 
reasons, not reduced below a certain 
scantling. But it is otherwise with the 
web at the extremities of the girder. A 
deficiency of 50 per cent. in strength in a 
girder at a point where the shearing strain 
is @ maximum is too serious a question to 
leave unnoticed. Our object in drawing 
attention to this subject is, that it is a 
cowmon practice to test flanged girders of 
moderate dimensions by a weight support- 
ed at the centre, and when they have un- 
dergone the trial in a satisfactory manner 
their strength and power to resist twice 
the testing weight distributed uniformly 
over them is at once taken for granted. 
Such a method of calculation is obviously 
so fallacious, that, were it not that the 
webs of small girders are very frequently 
excessively strong, the truth must have 
become apparent when the girder was 
subjected to its actual working load. The 
fact is, that, until a certain span is reached, 
it is not possible to make those scientific 
adjustments of strain and material which 
result in true economy. A certain amount 
of scope is indispensable to the advantage- 
ous application of theory to practice. 
When reduced to insignificant examples 
science becomes degraded to mere ped- 
antry. 





WEST OF THE MISSISSIPPI IN 1872. 


From the “ American Exchange and Review.” 


Very few people in the old States have 
any just concepticn of the extent and 
character of the country beyond the Mis- 
sissippi; and so different is it from Penn- 
sylvania, New York, Maryland, and Vir- 
-ginia, and even from Ohio and Indiana, 
that no description can convey to the 
minds of those who have not seen it a clear 
conception of it. 

Let us first look at it as three great 
belts—the arable, the pastora], and the 
mountainous—the first of which stretches 
west of the Mississippi to an average 
width of 400 miles, and extends from our 
northern national boundary in latitude 





49 deg. to the Gulf of Mexico, a length of 
not less than 1,000 miles. The second, 
or pastoral, belt is about 400 miles wide, 
and as much longer than the arable belt as 
the Gulf coast trends southward at. its 
southern base. The third is that broad 
and immense range known by the general 
appellation of the Rocky Mountains, not 
much, if any less in area than either of 
the other two great belts. 

By far the larger portion of the first. or 
arable belt is made up of rolling prairie, 
nearly all of which is composed of rich 
soil of sandy loam, very productive and 
easily tilled. Veins of limestone crop out 
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over the greater part of it, except on the 
brvuad bottom lands which skirt the 
streams. Some of these bottom lands are 
prairie, but those along the smaller 
streams are generally heavily timbered 
with oak, elm, hickory, walnut, sycamore, 
and cottonwood, the latter becoming more 
and more common as we proceed west- 
ward. The walnut timber is very abun- 
dant and good, and grows to a large size. 
The oaks are shorter than in the eastern 
forests. Elms and sycamores grow to a 
large size, and are much used for rough 
lumber. The soil of the bottom lands is 
black and tenacious when wet, but pul- 
verizes easily in cultivation, and is from 
3 to 12 ft. thick; that of the high or roll- 
ing prairie is from 6 in. to 2 ft., resting 
upon @ firm, light-brown subsoil richly 
impregnated with lime. 

A rolling prairie, as seen from an ele- 
vated point, is a grand object. Think of 
a rich undulating meadow or grass field 
stretching as far as the vision can carry 
in this clear atmosphere, swell beyond 
swell for miles in all directions, without 
stump or stone, and you may have an 
idea of by far the larger portion of the 
arable belt, probably the largest and best. 
compact body of agricultural land on the 
globe. This belt embraces one-half of 
Minnesota, the greater part of Dakota, 
all of Iowa, all of Missouri, one-third of 
Nebraska, one-half of Kansas, all of Ar- 
kansas, more than half of Louisiana, a 
large portion of Texas, and about half of 
the Indian Territory—an immense empire 
in itself, in which one hundred millions of 
people might find subsistence. In the 
whole of it there is not a mountain, and 
but few elevations worthy of the name of 
hills—only bluffs and swells; and yet 
there is but little level ground, except 
the bottom lands. In the north there 
are some small lakes, but none in the 
middle or sou h. 

Kansas, which is the geographical cen- 
tre of our national territory, excluding 
Alaska, is also the centre, north and 
south, of this great belt of arable land; 
and in fertility and climate is probably 
the most desirable part of it, as its unpar- 
allelled progress in population and im- 
provement might lead us to suppose. Its 
future is bright, although just now its 
ear has got too much in advance 
of its other industries. There is no na- 
tive iron in Kansas; but in the south and 
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east there is abundance of coal, so that 
steam power can be brought into play as 
well as in Pennsylvania or Ohio. There 
is no part of the Union where fruits of 
the temperate zone of every kind can be 
grown in greater abundance or of better 
quality than in Kansas, and sheep could 
be multiplied on these splendid pastures 
to any extent. So the cultivation and 
preservation of fruits and the manufac- 
ture of woolen fabrics are two industries 
which could hardly be driven too far in 
that State. 

The second or pastoral belt is more 
generally known as the Great Plains, a 
vast tract of land, nearly all of which is 
fertile enough, and beautifully undulating, 
but treeless, and exposed to sweeping 
winds; without a sufficiency of rain for 
agriculture, but enough to clothe it in 
a coat of short but exceedingly nutritious 
grasses, principally buffalo grass. This 
grass grows only to a height of from 3 to 
6 in., and when it dries in the fall remains 
all winter quite as nutritious as when 
green; so that animals, whether buffaloes 
and antelopes, or domestic cattle, keep 
fat upon it all winter. Sometimes severe 
storms, with snow, are hard upon un- 
sheltered domestic cattle. The present 
winter has been especially so; and thou- 
sands of animals and a score or two of 
herdsmen have perished. Even buffaloes, 
it is said, were frozen to death. But such 
a season is very unusual, perhaps un- 
precedented. 

In time the business of herding on the 
plains will become systematized, and some 
shelter and some provender be provided 
in good localities, in which cattle can be 
eared for in such storms. It is at present 
only beginning, and doubtless the day is 
not far distant when millions of cattle will 
supplant the millions of buffalo which 
now roam over those vast pastures. In 
riding over the plains in 1868, in the 
western part of Kansas, we saw hundreds 
of thousands of buffaloes from the car 
windows on the Kansas Pacific Railway, 
quietly feeding, yet evidently heading 
towards the south, for it was in October. 
It may be that a majority of the vast herd 
were afraid to cross the railroad, as nine- 
tenths of them were on the north side. 
Late in October last, in the same region, 
we saw one herd of about a thousand, and 
many scattered ones, sometimes single, 
and sometimes two to half a dozen togeth- 
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er. We saw many antelopes, beautiful 
and fleet animals, about the weight of 
deer, but not so tall. 

The total absence of trees and houses 
gives to the great plains an air of desola- 
tion; yet the vast distances over which 
the eye can sweep, the beautiful and deli- 
cate grass, the long and graceful swells 
and depressions of the surface, and the 
shadows of drifting clouds, when there 
are any, sweepirg over the broad ex- 
panse, give to the whole scene a solemn 
grandeur surpassing anything we ever 
witnessed. Add to that the fantastic play 
of the mirage, causing the appearance of 
beautiful little lakes near the verge of the 
horizon, the effect of refraction cutting 
off a strip of sky by lifting the surface of 
the earth beyond it into view. These illu- 
sive appearances are very curious, and 
sometimes exceedingly beautiful; and al- 
though one may know that it is illusory, 
that no lakes are there, and be able to ex- 
plain the phenomenon, still it is difficult 
to resist the belief that we are looking at 
real bodies of clear, fresh, beautiful 
water. Sometimes they look as if they 
were 2 or 3 miles long and } mile wide. 

As a pastoral region this immense tract 
is valuable--less so, to be sure, than an 
agricultural one, or one stocked with 
minerals; but in time its meteorological 
conditions may be so changed by culti- 
vation and tree planting, at first on the 
borders and gradually extending towards 
the centre, as to bring the whole of it un- 
der the hand of the cultivator. The soil 
is excellent; all it lacks is sufficiency of 
moisture. On the borders next the moun- 
tains, thousands of acres have already 
been made productive by irrigation; but 
as the supply of water that can be ob- 
tained from the mountain streams is 
limited, only a small part of the great 
plains can be reclaimed by that method. 


THE ROCKY MOUNTAINS. 


These stupendous mountains, which 
constitute the third great belt under con- 
sideration, stretch almost from the shore 
of the Arctic Ocean, far up in the British 
possessions, entirely across our national 
territory, and terminate in the great table 
lands of Central Mexico. The altitude of 
the plains along their eastern base ranges 
from 5,000 to 6,500 ft. above the ocean 
level. From the plains the mountains 
spring up as boldly and precipitously as 





if they rose out of the sea. Indeed, the 
plains do look like an ocean, and the 
mountain like its shore. Hence the view 
of the mountains, as we approach them, 
coming over the plains, with their tre- 
mendous rocky cliffs and towering snow- 
clad peaks, is very grand. For a stretch 
of more than 200 miles they are in full 
view; and in that wonderfully transparent 
atmosphere every prominence, every 
gorge, every peak, strikes the eye with a 
distinctness never seen in distant views, 
in the Atlantic States. For example: we 
look from Denver 70 miles north-west at 
Long’s peak, the summit of which rises 
about 16,000 ft. above tide, and glitters 
with perpetual snow; yet so near does it 
look to an unaccustomed eye, that an 
Eastern man would say he could reach it 
in about an hour and a half with a good 
horse. Then look south 75 miles, and 
Pike’s peak rears its huge summit to an 
almost equal height, while between these 
two, and far beyond the first named, the 
mountain front stands in view without any 
break. 

This great mountain chain is not made 
up of a single range, but is an aggregation 
of mountains, range packed against range 
in wild confusion, generally bearing north 
and south, but in some places east and 
west. The width of the chain can hardly 
be estimated ; for in Utah, mountain 
chains run from it far across the great 
interior basin. On the eastern front it is 
well defined; on the west it is not. But 
the Rocky Mountain chain may be set 
down at 150 miles in width. 

Among these ranges are many depres- 
sions—spots much lower than the sur- 
rounding peaks, although still from 8,000 
to 10,000 ft. above tide. Among these 
there are four, called respectively North, 
Middle, South, and San Louis Parks. The 
first three are near the centre of Colorado, 
north-west, west, and south-west of Den- 
ver. The North Park is beautiful and 
fertile, but rather too cold. Its area is 
from 700 to 800 square miles. It is sur- 
rounded on all sides by lofty ranges, 
through the north one of which the North 
Platte cuts its way through a deep cajion. 
In the ranges surrounding this park there 
are some gold mines. 


MIDDLE PARK. 


The Middle Park is separated from the 
North Park by a rugged range of moun- 
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tains running from east to west, and from 
the South Park by another. The scenery 
in this park is grandly beautiful, and the 
climate delightful; but too cool, owing to 
its altitude, to ripen wheat, although it 
grows finely. Potatoes and many of the 
hardier garden vegetables do well. The 
park is nearly all a rich prairie, with a pro- 
fusion of flowers mingled with the grass, 
together with strawberries and red rasp- 
berries. Beautiful streams of water from 
the surrounding mountains meander 
through it, and finally come all together 
in a considerable river near the south- 
west corner, where it breaks through the 
western barrier by a deep cafion. The 
area of this park is somewhat greater than 
that of the North Park. The day is not 
distant when this unique, pretty, and 
magnificent spot will be the resort of 
thousands whose health needs recupera- 
ting, and of still more who love the sub- 
lime in nature. It is somewhat difficult 
of access. The best pass is about 12,000 
ft. above tide, through the range which 
divides it from the South Park, in which 
Bayard Taylor encountered heavy masses 
of snow in July. But a narrow geuge 
railway will be carried through before 
long. In this park there are fine hot and 
medicinal springs, and abundance of trout 
in the streams—healing for the sick, and 
sport and good euting for the healthy. 
There are no permanent settlers yet in the 
Middle Park, and not much has been done 
in the mines. 


SOUTH PARK. 


Of these three neighboring parks this 
is the best, most accessible, and the rich- 
est in mines and pastures. The other two 
are nearly quadrangular ; this one has 
more the shape of a horse-shoe. It is set- 
thing rapidly, for it is considered the best 
region for dairies in all that country, and 
farming can be prosecuted to advantage 
by adapting the crops to the altitude— 
from 8,000 to 10,000 ft. above tide. This 
park is drained by the South Platte, which 
breaks through the mountain barrier by a 
cafion on the eastern side. Fountain creek, 
a tributary of the Arkansas,breaks through 
the southern barrier, near Pike’s peak, 
reaching the plains at Colorado Springs. 

It is worthy of remark that while the 
water of the North and the South Parks 
is drained into the Platte by its two great 
upper branches, and thence flows to the 





Atlantic through the Gulf of Mexico, that 
of the Middle Park, which lies in a direct 
line with them, flows westward to the Pa- 
cific through the Colorado river and the 
Gulf of California. At that point the 
water-shed of the continent is in full view 
from Denver, and not far away. Long’s 
peak sheds its water into both oceans. 


SAN LOUIS PARK. 


This largest and most southern of the 
great parks has an area equal to all the 
other three. The line dividing Colora- 
do from New Mexico crosses it at about 
the middle of its length. The Rio Grande 
river enters it from the west through the 
mountain which bounds it on that side, 
and after a southern course of nearly 100 
miles through it, passes out at the south- 
ern extremity of the park through a cafion. 
Near the centre, some miles north-east of 
where the river enters, there is a consid- 
erable lake without an outlet, which rises, 
with the melting of the snow on the sur- 
rounding mountains, and sinks after the 
flow from that cause abates. This is a 
beautiful park and very valuable, as its 
southern latitude gives it a fine climate. 
The soil is rich, the centre is a grassy 
prairie, while the mountain slopes ail 
around are timbered. The mountains on 
every side, with numerous snow-clad 
peaks, tower up grandly and im full view 
from every part of the open park. It is 
possible that the Denver and Rio Grande 
railway may run through this park, and 
thence down the river to its ultimate des- 
tination. 

There are many, perhaps hundreds, of 
smaller parks scattered among these mul- 
titudinous mountains, some of consider- 
able size, others comprising but a few hun- 
dred acres. In some of them there are 
beautiful little lakes. It follows, there- 
fore, that this stupendous chain is by no 
means an inhospitable, uninhabitable re- 
gion; nor is it impracticable to run rail- 
ways through the passes, gorges, cafions, 
and parks, so as to render the whole al- 
pine region accessible, and bring to light 
its yet unknown wealth in gold and silver. 
This seems to be the great treasure-house 
of the Almighty, shut up with bolts and 
bars so tremendous that nothing short of 
the capital, science, skill, and combined 
energy of the present generation were 
able to remove them. There is pactically 
no limit to these treasures; yet so stub- 
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born are the ores in which they are hid- 
den, that the business of bringing them 
into conditions fit for commerce and the 
arts is but fairly remunerative. Science 
guided by experience, and improving fa- 
cilities of transportation, however, are 
steadily overcoming these natural difficul- 
ties; and the time is near when this vast 
mountain region will be the theatre of one 
of our greatest productive industries. The 
need of gold and silver by the entire civil- 
ized world is rapidly increasing, and here, 
probably, is its chief supply. 

But gold and silver is not all. All along 
the eastern base of this great chain, from 
Montana far down into New Mexico, there 
are immense deposits of coal and iron ore. 
These, after all, are the substratum of 
solid wealth and progress. Some of the 
veins of coal are 12 to 14 ft. in thickness. 
Most of it may be classed with the bitumi- 
nous; but strictly speaking it is not. It 
seems to possess the qualities of both bit- 
uminous coal and lignite. Itis rich in gas, 
and gives off a bright flame, but not a very 
dense smoke. When the volatile matter 
is exhausted the fixed carbon looks like 
burning charcoal, and some of the more 
northern varieties send off more and 
brighter sparksthan any charcoal. The 
steam-generating quality is very good. 
The coal found in the southern part of 
Colorado can be coked; that found near 
and north of Denver cannot. In New 
Mexico, southwest of Santa Fé, there is a 
field of anthracite coal, which cannot be 
distinguished by the eye from the anthra- 
cite of Pennsylvania; but its extent has 
not been ascertained. 

Near where the Arkansas river leaves 
the mountains and begins 1ts long course 
across the plains there is a mountain of iron 
ore said to be greater in magnitude than 
the Iron Mountain of Missouri, and equal 
.to it in quality. In appearance and specific 
gravity the two ores are very similar. But 
iron ores are co-extensive with the coal. 

Copper and lead mines are found among 
these mountains in many places; but pro- 
bably the copper ores of New Mexico are 
the richest and most abundant. Some 
placer gold is found in gulches, but not 
much compared with the rich placers so 
largely worked in the early days of Cali- 
fornia; but veins of gold-bearing quartz, 
more or less rich, exist in great: numbers 
throughout the entire region. The pro- 
duction of silver is at present increasing 





more rapidly than that of any other metal, 
and is the most remunerative; yet it is pro- 
bable that the manufacture of iron, when 
it is entered upon, will be still more remu- 
nerative. From what we know of the vast 
deposits of coal and iron ore, we are in- 
clined to give to the iron the first place 
among the mineral resources of this ex- 
tensive mountain region. The second 
place may be given to silver; the third to 
gold; the fourth to copper; and the fifth 
to lead. 

The climate of this immense alpine re- 
gion is among the most salubrious and de- 
lightful in the world; for, although the 
lofty peaks bear more or less perpetual 
snow, the valleys are well fitted for human 
habitation, and are already filling up with 
people, chiefly those connected with the 
mines. Along the eastern base, although 
from 5,000 to 7,000 ft. above tide, the 
temperature is even milder than in corre- 
sponding latitudes east of the Mississippi. 
This can only be accounted for from the 
great extent of that elevated region. From 
the Missouri, between Omaha and Kansas 
City, the ascent westward to the base of 
the mountains averages 10 ft. per mile. 
At the western border of Kansas the alti- 
tude of the plains is a little over 3,000 ft. 
Denver is 5,200 ft. above tide; Cheyenne 
a little more; while Colorado Springs, 
76 miles south of Denver, are a little 
more than 6,000 ft.—about twice the 
height of the Alleghany mountains in 
Pennsy?vania, and but little less than that 
of Mount Washington. The great central 
basin beyond the Rocky mountains has 
about the same altitude. Nearly one- 
third of this continent, therefore, lies a 
mile or more above the ocean level. The 
climatic effect of this altitude is not the 
same as that of a local and limited eleva- 
tion, but is more of the nature of a mere 
enlargement of the planet. Valleys 6,000 
ft. above tide are as warm as those in the 
Eastern States in corresponding latitudes 
which have not one-tenth of their alti- 
tude. 

While the temperature is but little af- 
fected by the elevation of this immense 
tract, in the midst of which these moun- 
tains rear their lofty and rugged ranges 
and peaks, the atmosphere is af- 
fected barometrically just as much 
as if the altitude was that of a single 
peak. Hence its unsurpassed purity and 
clearness, enabling us to view scenery 
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more than 200 miles distant witha dis- 
tinciness hardly ever attainable at one- 
tenth of that distance in the Eastern States. 
Distant objects look near. Some years 
ago, when parties rushed to the mountains 
around Pike’s peak, in the hope of find- 
ing mines of gold, a party wearily making 
their way over the plains at length came 
in sight of that famous mount, and press- 
ed forward to reach its base before night. 
But it required not only that day, but two 
more days of hard travelling to reach it. 
No Eastern man can judge of distances 
out there. An Eastern gentleman, while 
in Denver, took a fancy to walk across to 
the base of the mountains and back be- 
fore breakfast. They were in plain view 
and looked near; but he gave it up, for 
the distance across the intervening plain 
is 12 miles. 

It is not so difficult as might be suppos- 
ed to carry railways into and over these 
stupendous mountains ; for the gradual 
upward slope of the plains lifts them to 
more than half their utmost elevation. 
The difficulty lies more in the extreme 
narrowness and sinuosity of the cafions 
through which ingress to the interior val- 
leys and parks can be obtained. But with 
the narrow gauge it can be and has been 
done; and the day is not distant when the 
whistle of the locomotive will blend with 
the clatter of the miner’s pick among these 
labyrinthian peaks and parks, and coves 
and cafions, where incalculable wealth is 
hidden. 

This mountain district, regarded until 
very recently as a great bar to human 
progress, is likely to become the seat of 
more varied industries, the home of a more 
energetic people, and the theatre of a high- 
er development of both material and intel- 
lectual forces, than the world has hitherto 
seen. Its salubrious, bracing atmosphere, 
its unsurpassed grandeur, its unique 
beauty, its inexhaustible mines, render it 
attractive ; while its very difficulties will 
call forth the highest skill and energy of 
man, and thus conduce to its ultimate 
greatness. It is likely to become what 
Bishop Berkeley speaks of as “ Time’s last 
and noblest offspring.” Certainly the 
subjugation of that sublime, rugged, rock- 
ribbed region is the hardest task to which 
human energy has yet addressed itself ; 
but its hidden treasures will richly com- 
pensate the laborers in this field. 

Such is the empire which lies beyond 





the Mississippi, and on this side of the 
central basin and the Pacific slope. First, 
the immense undulating prairie region, 
where food for a world may be grown. 
Then the great plains, beautiful even in 
their desolation, and which will soon be 
the pasture grounds of flocks and herds 
innumerable, as they have for ages fed 
millions upon millions of buffaloes and 
antelopes. And third the mountains, 
with their vast and varied treasures, and 
so grandly beautiful. All this may be re- 
garded as the Central Region of this con- 
tinent ; and the day is coming when its 
people will control the destinies and dic- 
tate the policy of this great empire. We 
see its infancy. Our children—not our 
children’s children—will see it developed 
into manhood, for things are moving very 
rapidly. Railways cause human progress 
to goon with railway speed; while the 
telegraph makes a domain of a million 
square miles as one city. 

In all this great territory there are, it 
may with truth be said, no navigable riv- 
ers—for the Missouri, with all its length 
and volume of water, is hardly navigable. 
In it the railroad is the sole means of so- 
cial and commercial communication. 
Here the locomotive must and does pre- 
cede the plough, and civilization in all its 
completeness goes forward at once ; so 
that we find in Kansas and Colorado as 
full a measure of the comforts and refine- 
ments of life as in Massachusetts. No 
frontier life in the world was ever like it ; 
and this is the result of those agents of 
power—the railway and the telegraph. A 
manor woman from New England, or any 
of the Atlantic States, don’t feel that he or 
she is far from the old home ; nor is he ; 
for he may send a message back in less 
than an hour, or be there himself, if he 
chooses in two or three days. Here his 
daily morning paper, though printed un- 
der the shadow of the Rocky Mountains, 
gives him the news from all parts of the 
world just as early as his fellow-citizen of 
New York or Philadelphia reads it, and 
almost as fully ; while amid the broad 
prairies of Kansas and Nebraska he can, 
if he sees proper, regale himself on good 
oysters taken from the shell at the 
time. 

Well may the question come home to 
the statesman, to the Christian, and to the 
philanthropist, in view of this magnificent 
and varied region in which population is 
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growing with unexampled rapidity, “What | country ; but nobler still to exert upon it 
are we going to do about it?” This, cer- | such influences as shall cause these vast 


tainly is a field in which to sow good seed 
with an unsparing hand. It isa noble work 
to develop, by the outlay of capital, such a 


communities, now in a formative state, to 
crystallize aright, to the glory of our 
country and our God. 





USES OF BLAST FURNACE SLAGS.* 


By T, EGLESTON,E.M. 


From “ The Iron Age’’. 


| 


If we may characterize the aim of me- 
tallurgists 20 years ago by any one point 
toward which their efforts were especially 
directed, we should say it was the idea of 
adapting “waste products” to some use- 
ful purpose, while the energy to-day seems 
rather to take the direction of so arran- 
ging processes as to have no “ waste pro- 
ducts.” The iron master of this decade 
no longer speaks of the waste gases of 
the blast furnace. The supply of com- 
bustible material from this source is a 
part of the regular working, and is de- 
pended upon to such an extent that in 
many cases it is doubtful whether the iron 
could be profitably manufactured without 
its use. This is an economical age, and 
in large works the same .care that looks 
after the saving and utilizing of material 
not hitherto available, presupposes, as a 
general thing, skill in the manufacture of 
the product. There is hardly a point in 
the whole range of metallurgical detail 
where more or less successful attempts 
have not been made to economize, by the 
use of ‘‘ waste products,” and no one thing 
upon which greater skill has been lavished 
and so much money spent. The operations 
are so large, the capital involved so great, 
that a comparatively small saving will 
often justify even the abandonment of 
one process for another, as was the case 
in the introduction of Patinsonage in place 
of the costly process of enrichment by 
Cupellation, and the substitution, recently, 
in many places in Europe, of the zinc 
process for Patinsonage. 

In the metallurgy of iron the most cum- 
bersome, expensive, and useless product 
is the blast furnace slag. The variety and 
ingenuity of plans proposed to make use 
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of it, or in some way utilize the heat it 
absorbs, or at least to get rid of it, is only 
equalled by the persistent want of success 
which these efforts have, until within a 
few years, attained. The amount of slag 
which flows from an ordinary blast furnace 
in 24 hours may be calculated at very 
nearly twice the production in iron by 
weight and five to six times bybulk. The 
amount of heat absorbed by and radiated 
from this mass of material, if it could be 
transformed into horse power, would 
make very important changes in our pres- 
ent methods of manufacture, and materi- 
ally diminish the cost of iron. Besides the 
large gmount of heat lost in the slag, it 
is a constant source of inconvenience, 
accumulating near the furnace, as a hot 
viscous mass, difficult to handle, requiring 
special tools for its removal, and necessi- 
tating the investment of a large amount 
of capital in hand on which to pile it, 
which brings no return of anykind. The 
labor spent upon this unproductive sub- 
stance is often equal to the whole of the 
productive labor of the furnace. Hence 
the amount of skill lavished, first to make 
use of it, and then to get rid of it. 

The first attempt, and, for a long time, 
the only one, to use it was in making 
roads, for which it was simply broken up 
by hand, and then used like any other 
stone. Though in themselves excellent 
road-making material, this form of slag 
is not well suited for it, and hence, as 
this is the only use generally known, we 
find enormous slag heaps, which are often 
over 100 ft. high, served by special en- 
gines and cars, in the vicinity of many of 
our blast furnaces. Happy the company, 
who, like the Hudson Iron Works, can 
use their slags to fill in shallow bays, and 
thus by an actual] production of lands, 
turn all their slags to profitable account. 
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In some parts of Europe where stone is 
excedingly scarce, this is the only material 
for road-making that can be procured in 
large quantities. Hence in such countries 
as Silesia, every effort has been made to 
make the ouly material they have as 
well adapted for the purpose as possible. 

The great objection to the use of slags 
is their brittleness. Hence very early at- 
tempts were made to devitrify them at a 
small cost. This necessitates a cheap 
fuel, which is generally an exception, and 
hence the most successful attempts at 
devitrification have been the accumulation 
of this slag in large masses, allowing it to 
cool slowly under considerable pressure. 
This is the case at Tarnowitz in Silesia 
and elsewhere where the ground around | 
the furnaces is encumbered for days 
together with large accumulations of slag, | 
1 ft. or 18 in. in thickness, which are left | 
to cool.* This method is necessarily im- | 
perfect. Only the lower half of the slag 
is devitrified; but imperfect as it is, it fur- 
nishes an excellent material for paving, 
and the traveller would generally be aston- 
ished to learn that the pavement over 
which he rides is nothing more than an 





imperfectly devitrified blast furnace slag. 
As only a very small portion of the slag 
can be used in this way, slag heaps in 
Silesia would be quite as prominent a 
feature of the landscape as they are in the 
Lehigh Valiey, if the furnaces were as 


numerous. The benefit in this case is on 
the side of the road maker, rather than 
on that of the iron manufacturer. 

The necessity of having building stone 
in certain countries of Europe, where it 
is very scarce, led to a long series of ex- 
periments, which, after a multitude of 
failures, resulted in the manufacture of a 
very useful product for certain kinds of 
construction. These experiments began 
ata charcoal blast furnace, the slag from 
which was taken out of the fore-hearth 
with aladle, compressed into a mould and 
cooled slowly. In order to keep the slag 
in the hearth from becoming cool it was 
covered over with charcoal. A small 
quantity of the powder of the charcoal be- 
came mixed with the slag, and effected a 
partial devitrification in the moulds. The 
attempt to apply this exceedingly simple 
process to a coke furnace failed entirely. 
The bricks became too porous from the 
evolution of gases resulting from the ad- 
mixture of coal dust. Sand and coke dust 





were then substituted, but as the bricks 
were still fragile they are now annealed 
in furnaces. This process is applied in 
Konigshutte, in Silesia, to the manufac- 
ture of building material, of which some 
of the important constructions of the 
works are built. The slag is run from the 
furnace into a hemispherical basin on 
wheels. The bottom of this basin is 
covered with sand or fine coke dust, to the 
depth of about 3 centimetres. The wagon 
is then drawn to the point where the 
bricks are to be made. The slag and sand 
are mixed together with a curved iron 
tool until most of the gases have escaped, 
and the mass is about the consistency of 
dough. It is then drawn with the same 
tool into a mould with a hinged cover and 
punctured several times to let out the gas. 
The cover, which fits into the mould, is 
then turned down and the slag becomes 
compressed. By the time three or four 
moulds have been filled, the first slag brick 
is sufficiently solid to be removed. This 
is done by raising a clamp which allows 
the mould to separate. The red hot brick 
is now drawn into a kiln, covered over 
with powdered coal and left to anneal. 
Each kiln contains 1000 bricks, and is 
from 3 to 4 daysin cooling. Four men can 
make 500 of these bricks in three hours. 
The loss in the manufacture from break- 
age is about 20 per cent. The cost of 
annealing is about 2 thalers the 1000. 
These bricks are rough on their surfaces, 
but on account of their larger size do not 
require more mortar than an ordinary 
brick. They do not readily absorb mois- 
ture, and for that reason are exten- 
sively used in the construction of foun- 
dations. The pillars supporting the main 
wind pipes at Konigshutte are built of 
this material. In Silesia these bricks 
cost 25 per cent. less than ordinary brick. 

A brick much inferior to these in every 
respect is made in the Hartz Mountains 
out of the lead furnace slags, which are 
silicates of iron. These are moulded and 
compressed, and are used for buildings. 
As the bricks are very brittle, the con- 
structions in which they are used are gen- 
erally covered with a coat of mortar. The 
buildings of the immense mechanical prep- 
aration works of Clausthal are built of 
this material. 

Mr. Sepulcre, a Belgian engineer, was 
one of the first who successfully trans- 
formed the slag into a stone which could 
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be generally used. This he effected by 
causing the slag channels to terminate in 
an excavation whose sides had an inclina- 
tion of about 30 deg., and whose capacity 
varied from a half to ten cubic metres. 
The very steep inclination of the sides 
causes the section of the pits to increase 
very rapidly, and this allows the solid 
crust, which forms on the surface of the 
liquid slag, to rise with it without becom- 
ing attached. The slag must flow contin- 
uously into the excavation, and if, for any 
cause, there is an interruption, the crust 
must be raised to allow of the liquid ma- 
terial flowing underneath. In this man- 
ner the whole mass of slag in the pit is 
sure to be all liquid, and will solidify from 
above and under pressure. After the ex- 
cavation is full, it is left for 5 to 10 days 
to cool, the only precaution required being 
to cover the top with ashes or sand toa 
sufficient depth to prevent the mass from 
cooling too rapidly. The stone so pro- 
duced grows hard on exposure to the air. 
When first made it can be easily broken 
into any required shape, but after expos- 
ure for a period more or less long, it be- 
comes so much harder as to require double 
' the number of tools to work it. 

All kinds of slag are not suitable for this 
manufacture; those which contain too 
much lime fall to pieces on exposure. In 
general, it may be said that they should 
contain from 38 to 44 per cent. of silica, 
and that the furnace should be working well. 

According to experiments made at Con- 
servatoire des Arts et Metiers, in Paris, 
this stone, when made from slag while the 
furnace was running on white iron, never 
became fissured under a pressure of less 
than 242k. the square centimetre, and 
was crushed ata pressure of 886 k. asa 
minimum. When made from gray iron 
they do not crush under a pressure of less 
than 405 k., but they have fissures at a 
pressure as low as 222 k., or a little less 
than the white iron slags. This material 
is, therefore, stronger than the best 
marble. 

One of the Belgian furnaces which pro- 
duced 2,500 tons of slag in 30 days, made 
from it 1,177 cubic metres of stone. The 
expense of manufacture was $820. The 
material sold for $1,600, making a profit 
of $780 in 30 days; 70 per cent. of the 
slag produced was profitably used. In 
order to introduce it the price was put 25 
per cent. lower than ordinary stone. 





In certain parts of Germany, and during 
the late war in our own country, basalt 
and certain volcanic rocks were used in 
the manufacture of glass. But little is 
wanting in certain blast furnace slags to 
make them of the same composition as ba- 
salt, and this fact suggested their use in 
the manufacture of glass. The experi- 
ments which were made with slag were so 
successful that in some parts of Belgium 
some of the glass makers have contracted 
with the blast furnaces to furnish them a 
certain amount of slag every week. One 
furnace producing 30 tons of cast iron in 
24 hours, that I visited, during the last 
summer furnished one day’s run of slag 
per week to the glass makers. To prepare 
it for this use the slag is run out on cast 
iron plates and cooled with water. 

Attempts have been made in some parts 
of Europe to use the heat evolved by the 
slags for domestic purposes. The most 
simple and the most practical one is the 
employment of the heat of the slag by the 
men for cooking, or heating their food al- 
ready cooked. Attempts have been made 
to use it for heating the house, near the 
furnace, by allowing it to run into iron 
moulds and placing them in a drum; but 
the expense attendant upon it, and the 
trouble of constantly changing the slags, 
probably cost more than the saving of 
fuel, and undoubtedly kept the unfortu- 
nate persons who were subject to this ex- 
pensive economy in an uncomfortable 
state both of mind and body. 

Mr. Minary, Director of the Franche 
Comte Iron Company, conceived the idea 
of using the slags by granulating them as 
they flow from the furnace. To do this the 
trough through which the slags run is 
made to terminate in a stream of water 
which has sufficient velocity to carry the 
grains of slag into a pit prepared for it, 
from which it is charged into wagons, 
without further expense, by an endless 
chain with buckets. The engine for this 
purpose is run by the gases of the fur- 
nace, and requires scarcely a horse-power. 
In these works, which consist of 5 blast 
furnaces, each producing 20 tons in 24 
hours, the introduction of this improve- 
ment resulted in a saving of the wages 
of 20 men occupied in charging the slags, 
and of 5 blacksmiths who repaired their 
tools. Much larger wagons were brought to 
the furnace, which, as the granulated slag 
can be discharged at anyheight by the end- 
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less chain, were for the most part railroad 
cars. No one is now employed to look 
after the slags, as the whole of the work 
can be done by the founder and his assist- 
ant. The saving thus effected amounts to 
5,000 to 6,000 francs a year, while the 
cost of granulation does not exceed $0.07 
the ton of slag. This rendered the slag 
portable by the ordinary methods of trans- 
portation, did away with all the special 
teols formerly used, and reduced the labor 
of getting rid of the slag to almost 
nothing. 

The granulated slag was first used as 
gravel in the works, and to make the bed 
of the casting house. It was found that 
from such a casting bed the pigs came out 
clean and bright, and were preferred by 
the puddlers even to those cast in iron 
moulds. This method of using the slag is 
now of almost universal application in the 
Siegen district, in Prussia, where most of 
the furnaces run on spiegel. The grains of 
iron which the slag contains were former- 
ly separated by stamping. They are now 
separated by the granulation and are 
caught in a receptacle for the purpose, 
while the light porous slag is carried off by 
the water, thus avoiding the expense of 
crushing and washing to which all the fur- 
naces were subjected before the method 
of granulation was introduced. Itis also ex- 
tensively used in some parts of France and 
Belgium. 

The extremely clean pigs made in this 
casting bed of granulated slag suggested 
its further use. The fine dust was sifted 
out and used to sand the moulds for fine 
castings. It was found that such castings 
were much more easily cleaned, and that 
the iron was quite brignt. The result was 
a better and cleaner casting, and consid- 
erable saving in the item of cleaning them. 

As these uses consumed but a very 
small part of the slag, it was offered as 
ballast to the railroad companies on con- 
dition that they should remove it them- 
selves. As the size of the grain can be 
easily regulated by the velocity and direc- 
tion of the water, the railroad companies 
were not slow to avail themselves of these 
conditions, and soon were glad to pay for 
it, thus furnishing to the furnace company 
a revenue from what had previously been 
a source of expense. The granulated slag 
weighs 1,200 k. the cubic metre. Its cost 
in France, where it is used, is less than 
half the price of sand. It is exceedingly 





porous, so that it retains very little mois- 
ture, and yet packs sufficiently; the result 
is that it will bear transportation long dis- 
tances, as it is much cheaper than ordina- 
ry gravel and better adapted to the pur- 
pose of ballast. 

The substitution of the granulated slag 
for sand in construction suggested itself 
at the outset, and its use has been attend- 
ed with excellent results. It was found 
that some of the slag mortar which had 
been left over after some repairs where it 
had been used, became solid after a short 
time; this suggested its use in the prepar- 
ation of concrete, and in the construction 
of foundation walls. A number of experi- 
ments were made to ascertain the exact 
nature of the sand, and it was found that 
100 grammes of granulated slag digested 
in 100 grammes of water containing 0.15 g. 
of lime in solution absorbed in 48 hours 
0.052 g., the water at the end of this time 
retaining only 0.098 g. of lime in solution. 

The manufacture of bricks from this 
material immediately suggested _ itself. 
Persons who have been in the habit of 
travelling on the Rhine will probably 
have noticed in the vicinity of Neuwied 
long rows of white bricks of all shapes, 
pipes, and more or less complicated pieces 
for building purposes, piled drying in the 
sun. This material is manufactufed from 
a granulated pumice which is found here 
at a depth of a few inches from the sur- 
face. It is simply mixed with lime, press- 
ed and sun-dried. It is very extensively 
used on the Rhine and in its vicinity. It 
is of this material that the interior arch of 
the roof of Cologne Cathedral is said to be 
constructed. This pumice resembles the 
granulated slag. The proprietors of the 
Georg-Marien Hutte, in Hanover, adopted 
the suggestion, commenced the manufac- 
ture of this kind of brick from slag, and 
are so well satisfied with it that they use 
it in the place of bricks for the construc- 
tion of their buildings. The bricks there, 
at the time of my visit, were made at some 
disadvantage with imperfect machinery, 
yet they cost much less than ordinary 
brick. Once out of the machine the bricks 
are simply sun-dried, and can be very 
quickly used in construction, They give 
a light cheerful air to the buildings, and 
make a warm and exceedingly comfortable 
house at a very small cost. It is remarka- 
ble what can be done when the necessity 
exists, I saw at Kreutznach on the Rhine, 
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and in the Siegen district, bricks made 
from ordinary coal ashes mixed with lime 
and sun-dried, which had stood, during 
several years of exposure, with no sign of 
deterioration. The manufacturer assured 
me that there were seven or eight large 
establishments for the manufacture of this 
coal ash brick in Germany. 

In some parts of Europe there is a de- 
mand for bricks covered with an enamelled 
surface. By coating the surface of the 
unburned brick with granulated slag and 
then burning it, out of the direct contact 
of the coal, it was found to produce an 
enamel of different colors, varying with 
the composition of the slag; and it is 
suggested that such bricks as these can be 
made without any extra cost by simply 
replacing the ordinary sand with which 
the men cover the tools, to prevent the 
adherence of the clay with the granulated 
slag sand. It might be used to advantage 
in the manufacture of tiles, drain pipes, 
and coarse pottery generally. 

By mixing a certain proportion of this 
granulated sand with clay it was found 
that the articles so manufactured were 
capable of undergoing sudden changes of 
temperature without breaking. This sug- 
gested the use of a certain amount of the 
artificial sand in the manufacture of fire 
bricks; and after a certain number of pre- 
liminary assays in a blacksmith’s forge, a 
furnace for melting brass was constructed 
in making the fire bricks, for which the 
calcined sand was replaced by granulated 
slag. These bricks were quite as service- 
able as any others, and underwent no al- 
teration after 3 months’ trial. It is pro- 
posed now, after a sufficient number of 
assays shall have been made, to use this 
material in the manufacture of bricks for 
the puddling furnace. 

Another application of the granulated 
slag is its use for agricultural purposes. 
The important part which carbonic acid 
plays in rendering soluble the different 
mineral substances which plants require 
for their growth is well known. It was 
found that by digesting 100 grammes of 
granulated slag in water charged with 
carbonic acid for a period of 48 hours, 
1.6 g. had been dissolved. This renders 
it probable that it can be very profitably 
used on calcareous soils, while the large 
quantity of lime contained renders it likely 
that it will prove equally serviceable on 
silicious soils. The very fine state of di- 





vision to which it may be reduced at a 
very small cost is favorable to its decom- 
position in the soil. 

Blast furnace slags gelatinize in acids, 
and they are, therefore, very suitable for 
the manufacture of cement. Pelouse and 
Fremy, in the last edition of their work 
on general chemistry, cite them as being 
eminently fit for this purpose. 

The possibility of heving them in such 
form as granulated slag, reduces the pric 
of the pulverized material to a sum so 
small that in certain parts of Germany an 
artificial cement equal in every respect to 
the best Portland cement is manufactured 
at a price so low as to yield a large profit, 
and yet very much undersell it. Very 
large works for the manufacture of this 
artificial cement are, during this year, to 
be constructed on the result of experi- 
ments, lasting over several years, at one 
of the large German iron works. 

Considerable attention has been paid in 
Belgium and Germany to the use of the 
slags for the manufacture of chemical 
products. These were first salts of alum- 
ina, then salts of lime as an incidental 
product, and lately the use of the silica 
extracted for the manufacture of soluble 
glass. This, of course, necessitates the 
location of the blast furnaces at some 
point near a large acid manufactory. It 
does not seem likely that this method will 
ever be used on a large scale in this coun- 
try, where material containing a much 
larger percentage of these substances can 
be had almost as cheaply as the granulated 
slag, which must, of course, be used to 
bring the manufacture of chemicals even 
within reach of probable profit. 

In certain conditions of the furnace the 
slag is spun by the blast into fine fibres, 
and makes a substance which is some- 
times called “furnace wool.” This ma- 
terial is a very bad conductor of heat, 
and it has recently been proposed to use 
it as packing, to prevent loss of heat 
about boilers, ete. 

I have thus rapidly sketched some of 
the uses to which this hitherto worse than 
useless material may be put. But few of 
these are likely to find any application 
in this country. The manufacture of 
paving stone where good material for that 
purpose is wanting, may be carried on 
successfully. It requires but little care, 
but the slags must be of very nearly con- 
stant composition, and must not change 
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their form after cooling. The material, 
when properly made, wears well, and has 
been laid in some of the cities of Europe, 
under severe tests, for several years. I 


have a number of such blocks in the) 


metallurgical collection of the School of 
Mines, taken up after 7 years’ use, at my 
request, from the streets of one of the lar- 
gest cities in Europe. 

The manufacture of the granulated 
slag bricks, when wood for building pur- 
poses is cheap, is not likely to come into 
use. But in every case where brick or 
stone is to be used it is cheaper and pref- 
erable, and the manufacture once start- 


ed, it is more than likely that if such) 
bricks will stand our severe climate, and | 


there seems no reason why they should 
not wear here as well as in the large 
establisments where I saw them used, they 
will be adopted for these constructions. 
The use of the slag in the place of sand 
will follow as a matter of course when it 
is granulated, and also its use for agri- 
cultural purposes. 


The most valuable of all the uses, how- | 





equal to any of the best Portland cement 
made at a very smali cof, and this from 
any slag, no matter how the composi- 
tion varies. The great advantage of hav- 
ing a suitable substance for the manu- 
facture of cement, in such a condition 
that at very small cost it can be reduced 
to an impalpable powder, is apparent. 
This manufacture of cement is not to be 
confounded with the adulteration of ce- 
ment by slag, which is said to be carried 
on, on a large scale, in England. The 
slag, before it is manufactured, will of 
course deteriorate the value of the cement 
with which it is mixed, though it is a 
better adulteration than ordinary sand, 
and may perhaps be honestly undertaken 
in the belief that the pulverized slag 
alone has some of the properties of ¢e- 
ment. The construction of a large 
manufactory, after several years’ experi- 
ment in one of the largest works of 
Germany, seems to be a guarantee that 
we may hereafter use cement in con- 
struction more freely, and be able to 
procure at a small cost a better article 


ever, isthat of cement. I have seen cement | than we now have. 





TELEGRAPHY WITHOUT INSULATION—A CHEAP MEANS OF 
INTERNATIONAL COMMUNICATION, 


By H, HIGHTON, M. A. 


From ‘ Journal of the Society of Arts.” 


I have for many years been convinced 
of the possibility of telegraphing for long 
distances without insulation, or with wires 
very imperfectly insulated ; but till jately 
I had not the leisure or opportunity of 
trying sufficient experiments bearing on 
the subject. 

After the failure of the first Atlantic ca- 
ble, and shortly before the laying of the 
present ones, when it was very doubtful 
whether funds could be procured for the 
laying of a fresh cable, I wrote to the sec- 
retary of the Atlantic Telegraph Compa- 
ny, proposing to try experiments for the 
purpose of ascertaining whether it would 
be feasible to use a cheap form of imper- 
fectly insulated wire. After some corres- 
pondence on the subject, the matter end- 
ed by my being informed that the com- 
pany had succeeded in procuring suffi- 
cient capital for a new wire thoroughly 
insulated. 





I need hardly say that the idea has 
been pronounced on all hands to be en- 


‘tirely visionary and impossible, and I 
have been emphatically warned of the 
folly of incurring any outlay in a matter 


where every attempt of the kind had hith- 
erto failed. But I was so thoroughly 
convinced of the soundness of my views, 
and of the certainty of being able to goa 
considerable distance without any insula- 
tion, and any distance with very imperfect 
insulation, that I commenced some 3 or 4 
months since a systematic series of exper- 
iments, with a view to test my ideas prac- 
tically. I accordingly began by trying 
various lengths of wire, dropped in the 
Thames from boats, and soon found that 
I could, without the slightest difficulty, 
exceed the limits mentioned by practical 
men as the utmost lengths through which 
it was possible to succeed. This method 
of experimenting, however, was attended 
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with much difficulty and inconvenience, in 
consequence of @he rapidity of the tides 
and the motion of the boats. 

I next tried wires across the Thames, 
but had them broken 5 or 6 times by the 
strength of the tide rushing against the 
pieces of weed and floating rubbish, such 
as cotton-waste, etc., which became en- 
tangled in them, and by barges dragging 
their anchors across them. I then put 
my instruments in my own room, on the 
banks of the river, and sent a boat down 
the stream with a reel of wire, and a bat- 
tery to signal to me at different distances, 
in order to obtain some idea of the law of 
decrease of power according to distance. 
The success was so much beyond my ex- 
pectations that I next obtained leave to 
lay down wires in Wimbledon Lake, in 
order to study more at my leisure the 
laws and phenomena which attended the 
transmission of currents through uninsu- 
lated wires. I found to my surprise (as I 
shall show you presently by experiment), 
that water itself is so perfect an insulator 
for electricity of low tension, that wires 
charged with electricity of either name 
retained the charge with the utmost ob- 
stinacy ; and, whether from the effect of 


polarization (so called), or, as Iam rather. 


inclined to suppose, from the electrization 
of the successive strata of water surround- 
ing the wire, a long wire, brought to a 
state of low electrical tension, will retain 
that tension for minutes or even hours. 
Notwithstanding attempts to discharge 
the tension every 5 sec., I have found that 
a copper surface of 10 or 12 sq. ft., in 
fresh water, will retain a very appreciable 
tension for a whole quarter of an hour ; 
and even when we attempt to discharge 
it continuously through a resistance of 
about 30 units, it will retain an apprecia- 
ble though gradually decreasing tension 
for 50r6 min. When I show you this, as 
I shall do presently, you will see that 
there is no such thing in reality as what 
telegraphists call dead earth, and that the 
idea of it is due entirely to imperfect ob- 
servation with instruments not sufficiently 
sensitive. What the true theory of this 
may be, matters but little; the fact re- 
mains the same, that, in some way or 
other, every liquid is for currents of low 
tension a very good insulator; in fact, 
there is no such thing as a perfect insu- 
lator—copper, water, earth, glass, gutta- 
percha, ebonite, etc., are all partly con- 





ductors and partly insulators. Water and 
earth occupy an intermediate position be- 
tween copper and the best insulators, such 
as glass or gutta-percha, and may be used 
as we wish, either as conductors or insu- 
lators. The question between all sub- 
stances is merely one of degree. 

Since that time, in order to gain a 
greater insight into the subject, I have 
constructed an artificial line, consisting 
of resistance coils, condensers, and plates 
of copper in liquids, acting at once as 
faults and as condensers (for, in fact, they 
are by far the most simple and effectual 
condensers that can be used), so that I 
might learn as far as possible to what 
extent and for what distances the prin- 
ciple of non-insulation can be carried, and 
I have satisfied myself that, though there 
are difficulties in very long lengths abso- 
lutely uninsulated, yet that it is quite 
feasible to telegraph even across the At- 
lantic with an insulation even amounting 
toasingle unit, instead cf the 170,000 units 
of the present cables.* 

I should add, too, that there is this 
peculiarity about faults, where the cur- 
rent is conducted away by a liquid con- 
ductor, that the passage of the electricity 
from a metal to a liquid creates of itself 
a reaction on the metal, which is felt more 
or less in every part of the wire, and 
which may be appreciated by instruments 
of sufficient sensitiveness. 

The instrument with which I propose 
to work is the gold-leaf instrument, adapt- 
ed by me for telegraphic purposes 26 
years ago, acted upon by a powerful elec- 
tro-magnet, and with its motions optically 
enlarged. The exclusive use of this in- 
strument in England was purchased from 
me by the Electric and International Tele- 
graph Company, but it was never practi- 
cally used, except in Baden, where a 
government commission recommended it 
as the best instrument; but to work it 
properly requires a good deal of care and 
adaptation to circumstances, and presents 
certain difficulties which probably no one 
but the inventor would take the trouble 
or have the requisite practical experience 
to overcome; and as for many years I was 
fully occupied otherwise, and had no 
personal interest in the matter, the value 





* 170,000 or 180,000 units was about the insulation of the 
Atlantic cables before laid ; when Jaid, the insulation was 
said to reach more than 2,000,000 units, but these details are 
very much kept as secrets, 
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and capabilities of the instrument were 
never recognized. I propose now to ex- 
hibit to you the instrument, as adapted 
for the use of imperfectly insulated wires, 
and point out to you some of its merits. 

One of its chief merits is its extreme 
lightness. Judging by the resistance it 
presents to the electrical current, it would 
appear that the piece of gold in the in- 
strument I am now showing to you does 
not weigh more than 3,4, part of a grain, 
but probably, as a considerable part of the 
resistance lies in the junction of the gold 
with the brass, and the leaf is full of holes, 
resembling a wire-gauze, and so increas- 
ing the resistance, it may be safer to esti- 
mate its weight by its size, and reckon by 
the number of square inches which it is 
said a grain of gold is made to cover by 
the gold-beater, which would make it 
come to about four times that weight, or 
shy part of a grain. But at any rate, in 
order to make a visible signal, we only 
have to move a very, very small fraction 
ofa grain through a very, very small frac- 
tion of an inch. You may judge ofits deli- 
cacy when I show you that the warmth of 
the hand, or even a look, by means of the 
warmth of the face turned towards a 
thermopile, can transmit an appreciable 
signal through a resistance equal to that 
ot the Atlantic cable. On mentioning this 
toa young lady of my acquaintance, she 
inquired whether a kiss could not also 
thus be transmitted to America, I as- 
sured her it was perfectly possible; a kiss 
imprinted on a thermopile in England 
will signal itself in America; and a modern 
Pyramus and Thisbe, instead of kissing 
through a hole in a wall, may exchange a 
grasp of the hand, a kiss, a glance, across 
the broad surface of the Atlantic. I put 
on the resistance of the Atlantic cable, 
still you will see a look at this thermo- 
pile gives enough power for a signal, a 
grasp of the hand a greater signal still, 
and a kiss gives abundant evidence of the 
warmth of the lips, which are at once separ- 
ated and brought near by a wire, whose 
resistance is equal to 2,000 miles of the 
Atlantic cable. Another great advantage 
of this gold-leaf instrument is its ready 
adaptability to the circumstances in 
which it may be placed. According to 
the conditions in which it may be used, it 
is extremely easy to increase or diminish 
its length or breadth or tension. Thus, 
increase of length or diminution of breadth 





increases the resistance, but increases the 
sensitiveness; and again, partaking as it 
does partly of the character of a pendu- 
lum and partly of a musical string, the 
rapidity of vibration is increased by giv- 
ing a greater tension and greater short- 
ness, though the sensitiveness is dimin- 
ished; so that, in fact, you can accommo- 
date it to the peculiar circumstances of 
any cable. Again, you notice the dead- 
ness of the motion, and the total absence 
of swing, which, whenever a needie is 
used, always more or less tends to con- 
fuse the signals. It is tiue that in long 
lines this is not so observable; because, 
from the electro-static capacity of such 
lines, the effect resembles rather that of 
a gradual push of the needle than of a 
blow; but still, in the gold leaf, owing to 
the resistance of the air, vibration is, un- 
der all circumstances, almost entirely 
prevented, and as the resistance of the air 
varies probably about as the square of the 
rapidity of the motion, when the power 
and consequently the motion is but small, 
we only get a very small resistance. But 
the greatest advantage of all is that we can 
increase the sensitiveness without increas- 
ing the resistance, simply by increasing 
the power of the electro-magnet. 

Wherever there is a fault, that is, wher- 
ever there are two or more courses open 
to the current of electricity, we know the 
current divides itself in an inverse ratio 
to the resistance of each path open to it. 
But in all ordinary galvanometers, if we 
want to increase the sensitiveness, we 
must increase the length, and consequently 
the resistance of the wire, but in this in- 
strument we can increase the sensitive- 
ness almost to any extent by simply in- 
creasing the power of the electro-magnet, 
without in the slightest degree increasing 
the resistance of the instrument to 
the current. Thus, for ordinary pur- 
poses an ordinary magnet is suffi- 
cient; but when we want to detect very 
small amounts of electricity, then by 
increasing the power of the magnet and 
the power of the microscopic contrivance 
for making visible very small motions uf 
the gold-leaf, we may arrive at almost any 
degree of sensitiveness—there is, in fact, 
scarcely a limit to the instrument in this 
respect. 

But now that I have explained to yon 
the construction of the instrument, per- 
haps it is the best time to show you by 
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experiment how tenaciously a piece of 
copper in water will retain a state of elec- 
trical tension. 

Here is a tub of fresh water, with cop- 
per plates presenting to each other al- 
together about 14 sq. ft. of surface. I 
charge these plates with electricity from 
a battery of about the tension of a Daniell, 
and you see how tenaciously it retains the 
electricity I impart to it; in tact, it will go 
on gradually discharging itself for 5 or 
6 min. through the small resistance of this 
piece of gold leaf. I charge it with elec- 
tricity of the opposite name, and the result 
is the same. 

I now do the same with a tub of salt 
water, and the result is still the same, 
though less marked. In fact, these plates, 
with the water between, represent the two 
metallic plates of a Leyden jar, and the 
water retains the electricity of this small 
tension with much more obstinacy than 
the glass of a Leyden jar does the elec- 
tricity of a higher tension. 

Indeed, it is a fact of the highest im- 
portance in telegraphy, that when there is 
a fault, electricity of a high tension, say 
of 20 or 30 Daniells, will almost wholly 


escape by it, and leave none for the in- 
strument; whereas electricity of a small 
tension, with a large battery surface, will 
pass through the instrument with very 


little diminution of power. This is most 
strikingly shown by the use of an ordinary 
tangent galvanometer. 

I cannot well show it to a large audi- 
ence like the present, therefore I will only 
inform you that, when I have taken two 
currents, each marking 30 deg. on the 
galvanometer, the one of high tension 
proceeding from about 30 deg. Daniells, 
and the other from a single cell of the 
tension of one Daniell, but presenting 
small internal resistance, a fault equivalent 
to the exposure of a mile of No. 16 wire 
in sea-water will annihilate all appreciable 
effects on the galvanometer with the cur- 
rent of high tension, whereas the current 
of low tension will still show on the gal- 
vanometer as much as 20 deg. 

In fact, the general law that a current 
divides itself in inverse ratio to the resist- 
ance is very deceptive, unless when mod- 
ified by a consideration of the character 
and source of the currents. You will see 
then the extreme importance of the use of 
currents of low tension proceeding from a 
large surface, and how a faulty cabie can 





be used with such currents when it is ab- 
solutely useless for currents of a higher 
tension. 

There are three ways of telegraphing 
without insulation: one, only feasible for 
short distances: a second, which I think 
will be found the most practicable; anda 
third, in the practical working of which, 
for very long distances, several difficul- 
ties (though I by no means say insupera- 
ble difficulties) present themselves. 

To explain the first plan, we will take 
the case of a river, and in the water near 
one bank place the copper plates A and B, 
and connect them with a wire, in which 
is placed a battery, P. Near the opposite 
bank take similar plates, C and D, con- 
nected by a wire in which is placed a gal- 
vanometer. Between A and B the current 
will pass by every possible route, in quan- 
tities inversely proportional to the resist- 
ance of each. Consequently, part will 

ass from A to C, from C to D, and from 

to B, and some part also from A to D, 
from D to C, and from CtoB. (Dia- 
grams exhibited. ) 

Now, if the plates be large, and A and 
C and B and D (respectively) compara- 
tively near to each other, a very apprecia- 
ble current will pass from A to C and from 
DtoB; but if the plates be small, the 
power of the battery small, and the dis- 
tance from C to D and from A to B com- 
paratively short, no appreciable amount 
will pass from C to D—indeed, about as 
much will pass from D to C. Ido not 
hesitate to say that it would be physically 
possible, by erecting a very thick line of 
wire from the Hebrides to Cornwall, by 
the use of enormous plates at each ex- 
tremity, and by an enormous amount of 
battery power, to transmit a current which 
would be sensibly perceived in a similar 
line of very thick wire, with very large 
plates, on the other side of the Atlantic. 
But the expense and trouble would prob- 
ably be much greater than that of throw- 
ing awire across. I tried the experiment 
by taking out two boats, hanging plates 
out at the bow and stern, and placing a 
battery in one and a sensitive galvanome- 
ter in the other, and mooring them at 
different distances. In this way I saw 
how rapidly the perceptible current in the 
second boat diminishes when the distance 
between the boats very much exceeds the 
length of each. 

I scarcely know a more instructive ex- 
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periment than this one. I will show it 
you on a small scale in a tub of water. 

The next is the simplest and most fea- 
sible plan, namely, throwing across the 
sea two wires kept from metallic contact 
with each other, and then working with 
that portion of the current which prefers 
to pass through this metallic circuit in- 
stead of passing across the liquid conduc- 
tor. Use currents of low tension from 
large surfaces, and it is astonishing how 
large a portion of the current will pass 
through a metallic circuit in preference to 
crossing the water. The arrangement of 
the battery must be varied according to 
the amount of insulation given to the wire 
and the position of the principal faults. 

I should again observe that the elec- 
tricity itself which passes from wire to 
wire through the faults creates a reacting 
current through the metallic circuits, of 
feeble tension, it is true, but still suffi- 
cient to give adequate signals for very 
long distances; so that if we extend across 
the Atlantic two wires kept from metallic 
contact with each other, but so inade- 
quately insulated from the water as to 
present throughout their length only a 
single unit of resistance as insulation (and 
this is not a very difficult problem), we 
have a telegraph sufficient for all pur- 
poses. We have nothing to do but to 
work with a low tension through an in- 
strument of sufficient delicacy, and by 
increasing the magnetic power acting on 
the gold leaf, we can increase the sensi- 
tiveness almost without limit, without 
adding to the resistance. By using a 
wholly metallic circuit we escape all the 
effects of earth currents, which otherwise 
I should suspect would cause considera- 
ble inconvenience with an instrument of 
such great delicacy. 

The third method is to throw a single 
wire imperfectly insulated across the sea, 
to place at the opposite end a very large 
earth plate, and possibly (in order to 
diminish the resistance) to place it in a 
salt pond of hot water, kept hot by arti- 
ficial means. 

Now any electrical tension thrown on 
this wire transmits itself more or less,even 
to its opposite extremity, and wiil show 
itself on any instrument of small resist- 
ance placed in the length of the wire. 

There are certain difficulties in this 
way of working, such as the effect of earth 
currents; or when the earth-plate, either 





from a difference in the quality of the cop- 
per, or of the character of the water in 
which it is placed, is in itself in a state of 
tension somewhat different to that of the 
wire, and so keeps the instrument perma- 
nently deflected from zero, necessitating 
special means of counteraction ; and again 
the necessity of working principally with 
zine currents, to prevent the destruction 
of the wire. 

I have no doubt, from my experiments, 
that these difficulties may be all overcome, 
but still I think the simplest and most 
feasible, and not more expensive plan will 
be to work with two wires kept from me- 
tallic contact, and with electricity of a 
very low tension. 

Perhaps I ought here to say a few 
words about that bugbear to submarine 
telegraphists, electro-static induction, or 
the Leyden jar action. I will try to ex- 
plain this very simply, as there is really 
nothing abstruse about it. Every long 
wire, and especially a wire under the sea 
or earth, is in reality a prolonged Leyden 
jar. The instant, therefore, that a cur- 
rent is sent into it, it diffuses itself over 
the whole surface of the wire. This ac- 
tion (as for as we know, and no proof is 
given to the contrary) is perfectly instan- 
taneous. The electricity contained in the 
wire also instantly begins to discharge 
itself through any leak; and the signalling 
instrument is but a leak in the jar. But 
as a small quantity of electricity diffused 
over a large space has but a small tension, 
time is required before the wire is charg- 
ed sufficiently to produce any great ef- 
fect by its discharge. If, therefore, an in- 
strument like a Morse be used, or indeed 
any instrument in which there is friction, 
a considerable time will elapse before 
sufficient electricity is accumulated to give 
a signal. But with an instrument so deli- 
cate as the gold-leaf instrument an appre- 
ciable effect is instantaneously produced, 
that is, instantaneously as far as we can 
perceive, and though no doubt, if a cur- 
rent be continued to be sent into the wire, 
the effect. accumulates, still practically I 
do not think any real difficulty will be 
found from retardation. A little practice 
and a due knowledge of the real scientific 
character of the problem, so far as I can 
judge from experiments, will easily enable 
us to deal with the special difficulties 
which may arise. I will presently show 
you the practical working of this Leyden 
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jar action very strikingly. You will see ‘the poor emigrant to communicate with 
that with a needle where there is friction, his family, no less than it is now for the 
the charge accumulates till the power is rich merchant, or speculator, or govern- 
eufficient to overcome the initial friction,| ment ambassador, to send their instruc- 
which is always greater than the subse- tions and get their information from the 
quent friction. The needle then gives a most distant parts of the earth. In fact, 
jump; then, after a few seconds, another | I trust it will open out a new era of easy 
jump, and so on. This has been attrib- | and cheap telegraphy, and put an end to 
uted, erroneously I think, to a wave-like | the necessarily almost prohibitory rates 
motion of the electricity. I believe it which at present prevail. 


is really nothing more than the accu-| 
mulating charge at intervals acquiring 
sufficient strength to overcome the 
initial friction for a fresh jump. The 
gold leaf, you will see, moves equably for- 


Perhaps I may be allowed to add, that 
for keeping up a continued stream of 
electricity necessary for maintaining a 
| powerful magnet or for electro-plating, I 
find none equal to those which I introdu- 


ward, except when the unfolding of a ced a few months ago. My patent has 
crease adds occasionally a little more); been purchased by a company, and I have 
velocity. | a few prospectuses here (of the batteries 

I will conclude by saying that the sav-| —not of the company) which I shall be 
ing of expense on this plan of being able happy to give to any one present. Their 
to use cheap and comparatively imperfect success, in electro-plating especially, has 
insulation, and neglecting faults which, been very remarkable; and in a modified 
may arise from time to time, will, I trust,| form they must, I am convinced, take 
enable us to reap the advantage of cheap the place of the Daniell for telegraphy. 
telegraphy over the world, and to bind the The various experiments referred to in 
various parts of the earth together by a the paper were performed after it had 


communication which will be available for 


| been read. 





THE MADEIRA AND MAMORE RAILWAY 


From “ Engineering.” 


The Republic of Bolivia, occupying a 
large area in the central part of South 
America, possesses but an insignificant 
seaboard upon the Pacific, cut off from 
the internal and productive provinces of 
the interior by the Western Cordillera of 
the Andes, which, at a small distance from 
the coast, attains a great height, and ef- 
fectually prevents all easy communication 
with the outer world. Peru, Brazil, Par- 
aguay, and the Argentine Republic, form 
the uther boundaries of Bolivia, which is 
thus, though possessing a frontier of more 
than 3,000 geographical miles, completely 
isolated from direct and independent 
means of exporting or importing produce, 
and of developing its natural resources. 
The history of Peru commences with the 
victory of Ayacucho, won on December 
9th, 1824, which resulted in the freedom 
of Spanish America, and in the following 
year the separation into an independent 
republic of a part of the territory known 
previously as Upper Peru, under the new 
name of Bolivia, in remembrance of Gen- 


eral Bolivar, who had worked out the free- 
dom of the Spanish colonies. Owing to 
the natural obstacles which exist to put a 
check upon the relations of Bolivia with 
the rest of the world, but little progress 
has been made in its development, and 
since the date of its independence it has 
continued to rely upon its internal re- 
sources, and to export little beyond com- 
modities of small bulk and high value, 
which can pay for the costly and tedious 
transport, either over the lofty passes of 
the Cordilleras, or the long and almost 
equally arduous transit eastward by inland 
navigation. 

Yet there are few countries in the world 
possessing greater natural wealth than 
Bolivia; with almost every range of cli- 
mate, its productions are infinitely varied, 
including all the more costly products of 
the forest and the field, and possessing 
large deposits of the precious and baser 
metals. Amongst the former is the cele- 
brated Potosi, which yielded, during 3 
centuries of working, £163,000,000, and 
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which is still giving £500,000 annually. 
Inhabiting this fertile and wealthy region 
are nearly 3,000,000 of people, bearing a 
national character for energy and indus- 
try, and wanting only means of transport 
to develop the republic into a really great 
commercial nation. 

How that communication should be ef- 
fected has been long a problem which 
those who held the future welfare of Bo- 
livia at heart have tried to solve. For such 
a purpose the sea coast is almost useless. 
The lofty table-lands of the territory are 
best reached from the Pacific by the pass 
of Tacora, the summit level of which is 
14,800 ft. above the sea. And on all other 
sides Bolivia is inclosed by the surround- 
ing States, leaving only one practical 
means of communication with the ocean, 
that of the Amazon river, which, running 
diagonally through the northern portion 
of Brazil, empties itself into the Atlantic. 

The fertile provinces of Bolivia are, 
however, extremely rich in navigable 
streams, all of which converge towards 
the main tributary of the Amazon. Chief 
of these, and absorbing many other noble 
rivers into their waters, are the Beni and 
the Mamoré, which united, are known as 
the Madeira, and quit Bolivia at the north- 
eastern corner of its northern boundary, 
to enter the Amazon, of which it is the 
largest tributary. Now, as the Amazon 
and the Madeira, nearly as far as the con- 
fines of Bolivia, are navigable for vessels 
of very large tonnage, the great difficulty 
of direct communication would be remov- 
ed were it not for a series of falls and 
rapids upon the Madeira river, which stops 
the direct navigation into Bolivia. But as 
these obstacles extend for a distance of 
only 230 miles, and as beyond them exist 
the great network of navigable streams, 
an aggregate of 3,000 miles long, and 
which intersect all the most fertiie dis- 
tricts of the territory, all that is required 
is to overcome this difficulty by forming 
an easy means of communication between 
the lowest fall on the Madeira river, where 
the ocean vessels are compelled to stop, 
and the highest fall, below which nothing 
but light native canoes can pass. To effect 
this is the object of the Madeira and Ma- 
moré Railway. 

By virtue of an imperial decree, issued 
in 1867 by the Government of Brazil, the 
waters of the Amazon and its tributaries 
were, within certain limits, thrown open 
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to all countries for the purposes of navi- 
gation, and quickly following this impor- 
tant step a commercial treaty was con- 
cluded between Brazil and Bolivia. This 
treaty, coupled with the opening of the 
Amazon navigation, gave a great impulse 
to Bolivian enterprise by establishing the 
only means by which, as we have said, the 
country could be placed in direct com- 
munication with the outer world. 

The question of improving the naviga- 
tion of the Madeira, along the line of rap- 
ids, has occupied much of the attention of 
the Brazilian Government, and after the 
treaty with Bolivia was concluded, a staff 
under the charge of two German engi- 
neers, José and Francisco Keller, was em- 
ployed by Brazil to examine and survey 
the country, and to report upon the prac- 
ticability of improving the navigation. 
These engineers very faithfully performed 
their work, and whilst paying most atten- 
tion to the proposed alteration in the 
channel of the Madeira river itself, they 
also located a line of railroad to skirt the 
unnavigable section, and thus make a 
junction with the system of rivers beyond. 

In 1868, a concession, amended in the 
course of the ensuing year, was granted to 
Colonel George E. Church, for the express 
purpose of improving the communication 
between the territory of Bolivia and the 
rest of the world, by way of the Amazon 
river; and this concession being turned to 
a practical purpose, is now worked by the 
National Bolivian Navigation Company, 
the object of which is fully expressed by 
its title. But the operations of this Com- 
pany were limited, by reason of the series 
of falls in the Madeira river, and as the 
whole chain of these obstacles lies within 
Brazilian territory, the consent of that 
Government was necessary before the 
great development of the Navigation Com- 
pany could be effected, and the produce 
of Bolivia find an outlet. In the early 
part of 1870,Colonel Church obtained a 
¢ neession from Brazil to construct a rail- 
way and necessary works along the binks 
of the Madeira, over the ground which the 
engineers Keller had already surveyed. 

This concession having been obtained, 
the Government of Bolivia issued a loan 
in this country of £2,000,000, of the net 
proceeds of which 83 per cent. were to be 
paid to the Bolivian Navigation Company 
before mentioned, and a sum equivalent 
to the contract price of the proposed rail- 
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way was to be invested by the Navigation 
Company in United States securities, on 
behalf of, and partly in the name of, the 
Madeira and Mamoré Railway Company. 
It will thus be seen that the construction 
of this line is a part of the scheme of the 
Bolivian Navigation Company for joining 
up the rivers of Bolivia with their main 
outlet, and that although the work is to 
be carried out by a distinct company, both 
are intimately connected, and both are 
presided over by Colonel Church, to whom, 
indeed, the whole credit of the work is 
due. 

After the many difficulties and delays 
had been surmounted, inseparable from 
such a great undertaking as that of open- 
ing up a new and unknown country, and 
making all the necessary final arrange- 
ments with the Brazilian Government, 
upon whom the success of the scheme de- 
pended, Colonel Church returned again 
to this country at the beginning of the 
year, and a contract was concluded be- 
tween the railway company and the Pub- 
lic Work Construction Company to con- 
struct about 150 miles of line for a lamp 
sum of £600,000. The railway is to have 
a single track, to be 1 metre gauge, and 
commencing below the lowest rapids at or 
tear San Antonio, it runs with as nearly 
# direct course beyond Guajara-Merin, the 
highest rapid. Along the route there are 
18 different falls, extending over a distance 
of 230 miles, of which 12 miles consist of 
the rapids themselves, or broken water, 
leaving 217 miles of reaches perfectly 
navigable, with a current of about 1 mile 
per hour, and a depth of water varying 
from 10 to 120 ft. at low water. None of 
the falls are of any magnitude, the princi- 
pal one being the Bananeiras, which is 
divided into 3 levels, the higher fall being 
3.93 ft., the second 19.68 ft., and the third 
4.92 ft. The Riberias is the second prin- 
cipal fall, and has 5 levels, which, combin- 
ed, are only about 45 ft.; the principal 
fall of the Girao is 26.24 ft., and that of 
Teotonio 24.60 ft. Altogether the whole 
fall of the river in the distance of 230 
miles is only 272 ft., so that it will be seen 
that these obstacles to the navigation, al- 
though effectual, are very insignificant in 
themselves, and permit of a considerable 
commerce being carried up and down in 
canoes and launches, which carry from 3 to 
8 tons of freight, in addition to their crews 
of 12 or 16 men. 





At the occurrence of the chief falls, the 
boats are dragyed overland; in the ma- 
jority of cases the freight is removed, and 
transported on land, and the canoes are 
dragged through the broken water into 
the next reach, where they are reloaded, 
and in some of the minor rapids both craft 
and cargo are hauled or paddled through 
the broken water. 

Altogether, in making the passage of 
this length of 230 miles the vessels have 
to be carried overland for 2} miles, and 
unloaded and hauled for about the same 
distance. The time required to traverse 
over the distance averages 17 days 
throughout the year, and the business of 
transportation is managed entirely by na- 
tives of the Province of Mojos and the 
Beni districts of Bolivia; launches of 20 
tons capacity are occasionally employed; 
but this is very exceptional, and as all the 
freight has to be transported from reach 
to reach by land, there is but little saving 
of time or labor in employing such heavy 
boats. 

Midway of the line of rapids, between 
Araras and Pederneira, is the greatest 
stretch of clear unbroken water, 36 miles 
long; while the shortest distance between 
any two of the rapids is about one-third of 
a mile, and the next shortest distance is 
53 miles. The depth of water, as we have 
said, varies at low water from 1 to 120 
ft., but in times of flood this is increased 
from 10 to 23 ft. On the west side of the 
Madeira the banks are much lower than 
on the eastern side, and whilst the former 
are frequently overflowed, the latter are 
for the most part from 3 to 10 ft. above 
the high-water mark. In places, however, 
the eastern banks are sufficiently low to 
be submerged to a depth of 2 or 3 ft. dur- 
ing extreme floods, but only very partially, 
as the ground on this side rises rapidly a 
short distance from the bank. 

Upon their very careful and elaborate 
survey the Messrs. Keller laid down a line 
for the railroad then projected by the 
Brazilian Government, skirting the east- 
ern bank, commencing below San Antonio, 
and running through such ground as the 
engineers deemed best suited for the pur- 
pose, cutting across the various bends of 
the river, and terminating just above the 
highest fall, that of Guajara-Merin near 
the small confluent Rio da Poca Nova. 
This route has been generally adopted by 
the Public Works Construction Company, 
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with certain alterations suggested by Col- 
onel Church, and Mr. L. E. Ross, the en- 
gineer of the contractors, who accompa- 
nied the former gentleman in his last visit 
to the district. In his report upon the sub- 
ject Mr. Ross points out that it was evi- 
dent that Messrs. Keller at the time of 
their survey did not contemplate the con- 
struction of a railway at all, but rather a 
direct improvement of the navigation, and 
that the line located by them was laid 
down upon their map a considerable time 
after the operations had been completed. 
This accounts for several unnecessary 
curvatures and deviation of the line, un- 
called for either by the nature of the 
country, or the requirements of the prob- 
able traffic; and this line, definitely adopt- 
ed, shows several important modifications 
of the route, which will not only materially 
shorten the length of the railway, but 
which will also be probably more beneficial 
to the future trade. As the location is at 


present decided upon, the line will com- 
mence at the San Antonio rapids, and ex- 
tends in a nearly straight line to a point 
on the river bank, about half-way between 
Teotonio and Morinhos; thence it runs up 


the mouth of the tributary, Jaci Parana, 
and then in a straight line to a point 
about 10 miles above Girao; from here 
he Keller line is adopted to the com- 
mencement of the great bend in the river, 
across which it takes a straight course, 
again taking up the bank between 3 or 4 
miles below the mouth of the Rio dos Ca- 
ripunas, where a large freight depot will 
probably have to be constructed. From 
this point to the southern terminus the 
line, for the most part, skirts the river 
bank, the terminal station being about 3 
miles below that selected by Messrs. Kel- 
ler. The length of line thus located is 
only 153} miles, and with an allowance of 
3} miles for sidings, the total length to 
be constructed will be 157 miles, instead 
of 170 miles, as proposed originally, and 
upon which the estimates of Mr. Kierz- 
kowski, the engineer to the Public Works 
Construction Company, were founded. 
Mr. Ross points out in the report that 
there exist no natural difficulties in the 
construction of a railway, and his investi- 
tions substantiate the more careful and 
detailed examinations of Colonel Church, 
who, again, is corroborated by the reports 
of Messrs. Keller. Not only is the coun- 
try over which the line will pass al- 





most level, but a natural protection 
against floods is found in a ramped bank 
varying from 5 ft. to 10 ft. in height, and 
situated afew yards from the edge of the 
river. Inside this second bank the ground 
slopes downward, returning to its oldlevel. 
The only bluffs existing are at Girao, Ma- 
deira, and Pao Grande, and these can be 
avoided by some slight detours, which will 
involve neither steep gradients nor heavy 
earthworks. 

For the whole distance, however, the 
railway will run through a virgin forest, 
so that every yard of the route will have 
to be cleared for a width of 100 ft. before 
the works can be constructed. This will, 
of course, add to the cost of the line, and 
somewhat to the time required to build 
it. 

The railway, which was at first intended 
to be of a4 ft. 8} in. gauge, was subse- 
quently modified to one of 2 ft. 9 in., but 
finally a metre gauge was determined up- 
on, as being well adapted to the traffic, 
economical to construct, and likely to as- 
similate to the future Brazilian railway 
system. 

The proportion of cutting to bank 
throughout the line will be about 2 to 3, so 
that about 90 miles of the railway will be 
upon an embankment, not so much to se- 
cure fairer gradients as to remove all 
danger of flooding in the rainy season. 
The average height of this bank will be, 
therefore, 1 metre, and the total amount 
of earthworks for the line will be about 
1,300,000 cubic yards. Between the 
northern and southern termini 32 streams 
have to be crossed, nearly all of them of 
such small dimensions as to require only 
each 1 span of 30 ft., due allowance being 
made for the increased water way in 
times of flood. The rivers where large 
bridge works are necessary are the Jaci 
Parana, the crossing of which must be 300 
ft. long, the Tres Irmaos 180 ft. long, the 
Caripuna river 120 ft.,and the Riberao also 
120 ft., besides 5 smaller streams 60 ft. 
each, and one of 90 ft. The original esti- 
mate contemplated the adoption of a uni- 
form span of 30 ft., but Mr. Ross leans to 
the opinion that in crossing the larger 
stream, wider openings should be adopted, 
both to save the construction of piers, and 
to avoid the danger arising from floating 
timbers often brought violently down 
stream in times of flood. Rails weighing 
36 lbs. per yard are selected for the per- 
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manent way, and the timbers for sleepers 
will be found in abundance on the spot, a 
variety of suitable woods, indestructible 
by ants, and impervious to dry rot, 
abounding on all sides. 

Sand exists in plentiful quantities at all 

the rapids excepting San Antonio, and is 
found, in the absence of better material, 
to be suitable for ballast. The rolling 
stock will be limited in quantity for the 
present, only sufficient being built to ac- 
commodate the anticipated traffic. For 
this purpose it is assumed that 5 engines, 
9 passenger cars, and 100 freight cars, 
will be ample. In connection with the 
railway, iron wharves will be constructed 
at each terminus for transferring goods ; 
these structures will be, however, of small 
dimensions, as a depth during the dry 
season of 10 ft. of water is obtained along- 
side of the river banks. 
’ With regard to the probable traffic, 
which the railway, when complete, will 
command, we cannot do better than refer 
to Colonel] Church’s report, from which it 
appears that the cost of transmitting a ton 
of freight from this country tu the interior 
of Bolivia is no less than £40 sterling, by 
way of the Straits of Magellan to the Pa- 
cific coast of Peru. Arrived there, the 
freight, divided up into small portions, is 
carried upon mules over the Tacora pass, 
14,800 ft. above the sea, and is generally 
5 months in reaching its destination. 

But so soon as the Madeira and Mamoré 
Railway is opened for traffic, Bolivia will 
be placed within 30 days’ journey from this 
country, the enormous rates of freight will 
disappear, heavy goods can be transported 





direct without subdivision of bulk, and 
the almost certain damage to goods in- 
separable from the long and painful over- 
and journey will exist no longer. Nearly 
all the export, and the whole of the import 
trade of the country must pass over the 
railway, simply because it is the only out- 
let, and it is impossible to realize how 
great this traffic will be when once the 
means are established by which the trade 
can be carried on. The immediate export 
business anticipated by Colonel Church is 
20,870 tons per annum, and the import 
15,600 tons, besides the extensive local 
traffic that will be developed. This is no 
fanciful estimate, but a moderate compu- 
tation made by one who knows the coun- 
try, its people, and its resources intimate- 
ly, and it may be considered that it is 
only the commencement of a great future 
trade. 

The Madeira and Mamoré Railway may 
indeed be regarded as one of the greatest 
enterprises yet undertaken upon the South 
American continent; not on account of its 
magnitude, for it is but a small work of 
itself, but because it is the commencement 
of a great commercial future, and because 
Bolivia will be no longer isolated, but will 
be enabled to play her part with the other 
countries of the South American continent, 
now so rapidly rising into importance. 
Tie future prosperity which lies before 
Bolivia depends solely on her great system 
of internal navigation, and to the indomi- 
table perseverance and energy of Colonel 
Church the republic will owe a debt of 
gratitude as large as to the great General 
that founded her independence. 





ACOUSTIC ILLUSTRATIONS OF THE METHOD BY WHICH STELLAR 
MOTIONS ARE DETERMINED WITH THE SPECTROSCOPE. 


From the *‘ College Courant,” 


The fourth of the series of lectures | 


resenting its motion was that represent- 


known as the Mechanics’ Course, was re- | ing all other vibratory motions of what- 


cently delivered in the large hall of the 
Sheffield Scientific School, upon the 
above subject, the lecturer being Prof. A. 
M. Mayer, of ‘the Stevens Institute of 


ever kind. This curve he had obtained 


| experimentally by means of an ingenious 
apparatus which he described. Besides 
| these, there are molecular vibrations, due 


Technology. | to elasticity, the action of which was very 


Prof. Mayer began by calling the atten- | clearly illustrated upon the black-board. 
tion of his audience to the character of| A water wave is a mass-vibration, as is 
vibrations, instancing the pendulum as; shown admirably by Prof. Lyman’s wave 
one of the best examples of visible mass-| apparatus, The progressive character of 
vibration, and saying that the curve rep-, a wave was then exhibited by means of a 
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long wire coil, along which an impulse 
was transmitted as a visible undulation or 
wave. As an example of a molecular vi- 
bration due to elasticity, the vibration of 
a Brown & Sharp’s straight-edge, fastened 
firmly at one end, was given; and a se- 
ries of beautiful curves drawn upon 
smoked glass by a wire attached to such 
a vibrating rod, were thrown on the 
screen. 

The lecturer then passed to the theo- 
ries of light, describing the emission 
theory and the undulatory theory. Certain 
phenomena, such as reflection, refraction, 
and dispersion, could be equally well ac- 
counted for by either; but certain others, 
such as those of interference, could be 
explained only by a wave or undulatory 
theory. This latter theory supposes a 
trembljng of the particles either of air or 
of the matter filling space, which tremb- 
ling, so far as interference goes, may be 
lateral, orlongitudinal, but the phenomena 
of polarization of light indicate that these 
vibrations are transverse tothe direction of 
propagation of the ray. In sound, the vi- 
bration is longitudinal; in heat and light, 
lateral. Hence, sound-waves may inter- 
fere and produce silence; light-waves 


may interfere and produce darkness ; 
heat-waves may interfere and produce 


cold. The ear is so constituted that it 
takes cognizance only of the longitudinal 
vibrations of the air, though the air vi- 
brates in all directions; the eye takes 
notice only of lateral ether-vibrations, 
though the ether vibrates in all di- 
rections. Interference was then de- 
scribed and illustrated on the board, and 
the phenomena of fringes shown to result 
from the overlapping of waves in unequal 
phases, which could be a consequence 
only of undulations. The practical use 
of such knowledge as this was illus- 
trated by a description of Newton's 
rings, and the method by means of which 
these rings may be made to indicate a 
distance as small as a millionth of an 
inch. Another instance of the practical 
application of these facts is Arago’s Dif- 
ferential Refractometer, which will show 
a difference of density in the air of sq55 
part, and by which the refraction of the 
air has been measured, and tables con- 
structed, by whose use the mariner may 
find the true altitude of the sun. 

The effect of lengthening and of short- 
ening a wave wasthenexplained. In the 





case of a sound wave—moving 1,100 ft. a 
second whatever the wave length--if the 
length be diminished more vibrations en- 
ter the ear in the same time, and the pitch 
rises; if it be increased, less vibrations 
enter, and the pitch lowers. Light waves 
are strictly analogous; whenever any one 
of the colored waves which form white 
light is lengthened, its color changes to- 
wards the red end of the spectrum; when 
it is shortened, towards the violet. Hence 
change of pitch in the case of sound, or 
of color in the case of light, is evidence of 
motion, either to or from the observer ; 
which it is, depends on whether the 
wave is lengthened or shortened. Now, 
while the motion of a star at right angles 
to the line of sight is easily detected and 
measured by the telescope, motion in the 
direction of this line is capable of meas- 
urement only by the spectroscope ; if the 
motion be diagonal, then by both of these 
instruments together. Hence the motion 
of a fixed star in space, or of a whirlwind 
on the sun, may be measured by the 
change in refrangibility, which certain 
lines in the spectrum undergo. 

To illustrate this point by means of 
sound waves, was the object of . the 
evening. With the lantern the image of 
a tuning fork beating 256 times a second 
--and giving the note Ut,—-was thrown 
on the screen. By the side of one of the 
prongs, and just touching it, was a care- 
fully rounded and varnished cork ball, 
suspended by a filament of silk. On soun- 
ding a second fork placed on its case and 
tuned in accurate unison with the first (by 
an ingenious method devised by Prof. 
Mayer) anywhere in the room, even 30 ft. 
distant, the first was thrown into vibra- 
tion and the image of the cork ball was 
projected a foot or two away from the 
prong. When, however, the second fork 
was sounded, and the lecturer walked rap- 
pidly —at a rate of 8 ft. a second--tow- 
ards or from the first, touching the case 
only when in motion, no motion of the 
cork was observed; the wave being in 
this way shortened or lengthened by an 
amount sufficient to throw it out of uni- 
son with the lantern-fork. Again, a third 
fork, vibrating 254 times a second, pro- 
duced no effect on the ball; but when 
sounded and placed on: its case, as this 
was swung rapidly towards the first fork, 
the wave length was thereby so short- 
ened as to bring it into unison with this, 
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and the ball promptly responded. A 
fourth fork, vibrating 258 times, showed 
the same phenomenon, when placed on 
its case as this was swung away from the 
first fork, the wave thus being shortened 
into unison. The demonstration was 
most complete and satisfactory. Prof. 
Mayer stated that he purposed making 





some quantitative experiments with the 
apparatus, which will be of the highest 
value to science. 

The lecturer closed with an application 
of this sound demonstration to the phe- 
nomena of light. It was an exceedingly 
interesting lecture throughout, and was 
listened to with the closest attention. 





HYDRAULIC MINING. 


From the “ Nevada Transcript.’’ 


Nevada county is generally conceded 
to be the most successful gold quartz 
mining district in America; and her ex- 
cellence in mining does not end here, for 
we are confident that the world nowhere 
else can show gravel mining on so exten- 
sive a scale and with equally satisfactory 
results. 

From the time (now some 20 years 
ago) when, near Nevada City, a miner, 
timidly, and at night for fear of derision, 
made the first experiment in hydraulic 
mining with a stream of water forced 
through a 1 in. nozzle by a pressure of 10 
ft., until to-day, when pressures of 250 ft. 
and 6 in. nozzles are familiar sights, the 
miners of Nevada county have always led 
in the invention and enterprise that has 
inaugurated and improved this method 
of mining, and made our sterile hills a 
field for enterprise and a source of pro- 
fit, where under the old systems of min- 
ing, though twenty times as rich in gold, 
they would still be as silent and barren 
as the mountain rock. 

While visiting, recently, the claims of 
the North Bloomfield Gravel Mining 
Company, at North Bloomfield, we wit- 
nessed over 31,000 tons of auriferous 
gravel each day being excavated from the 
hills, the gold extracted, and the refuse 
material removed to a distance of many 
miles, and ata cost for labor, materials 
and machinery, of only $150 per day, or 
less than one half a cent per ton. This 
work is effected by a stream of 3,500 
miners’ inches of w ter, or about 63,000,- 
000 gallons, collected from the water- 
shed of the South Yuba and conducted 
to the Company’s claims in ditches and 
iron pipes. Their main or Big Canyon 
ditch is over 40 miles long. With a sec- 
tional area of 33 ft. and a grade of 16 ft. 
to the mile, it carries 3,000 miners’ inches 





or about 54,000,000 gallons per day. 
This water is conducted from the moun- 
tain sides above the diggings in iron 
pipes of 15 and 27 in. in diameter, and 
discharged under a pressure of from 200 
to 270 ft. through 5 and 6 in. nozzles. 
There is the fascination which surrounds 
all exhibitions of enormous power in wit- 
nessing these great streams hurling 
through the air, crashing against the hard 
gravel with a force that tears away the 
stones, nndermines the bank and tumbles 
it down roaring and rumbling, and melts 
the dirt away with a rapidity that is a 
source of constant wonder to the spec- 
tator. This Company’s flumes are 6 ft. 
wide, and have a4 per cent. grade, or 
6 in. to the box of 12 ft. The Superin- 
tendent estimates that each 8 tons of 
water removes 1 ton of top gravel. (On 
a 6 per cent. grade the moving power of 
the water would be increased probably 60 
per cent.) The water has a carrying 
capacity exceeding this, but it is imprac- 
ticable to keep it fully employed at ali 
times. A miners’ inch, for 24 hours 
(Eureka Lake standard), equals 75 tons 
of water, and will therefore move ona 4 
per cent. grade from 9 to 10 tons of 
gravel. 

These figures of the working capacity 
of the water refer to top white gravel, and 
are rough estimates, but the Superinten- 
dent of the Company informs us that he 
has now made surveys by which he can 
determine in the future, very accurately, 
the amount of gravel washed in tons 
or feet. 

The Company, in addition to their 
present water supply, have reservoirs and 
unimproved water rights on the catch- 
ment basins of the Middle and South 
Yuba rivers, of which they intend to avail 
themselves immediately, and which will 
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give them a continual supply of water 
every day during the dryest seasons, of 

=— 5,000 in., or 90,000,000 gallons per 
ay. 

The Company are now surveying a line 
for a ditch to San Juan, to enable them 
to sell water to the miners in that vicinity. 
The remainder of the supply will be used 
on their own mining ground, of which 
they have some 1,900 acres. At present 
they work'only the top or white gravel, 
there being no natural channel through 
which they can wash the lower or blue 
dirt. However, during the past year they 
prospected their deep ground by shafts, 
and found a layer 135 ft. deep of rich blue 
gravel; 22,000 tons of this, hoisted and 
washed, yielded $33,000 or $1.50 per 
ton. 

To mine this blue gravel by the hy- 
draulic process, it will be necessary to 
drive a bed rock tunnel over a mile long. 
The blue gravel having proved so rich, 
we are informed that this drain tunnel 
will be commenced immediately, and 
will be driven with all possible rapidity 
by the aid of several shafts and the most 
approved machinery. 

We know of no hydraulic mining 
enterprise in the State that will compare 





with this, in magnitude of the works and 
promise of remuneration to its projectors, 
who certainly deserve the most gratifying 
results in recompense for their energy 
and liberal expenditure of capital. 

While there is such an enormous con- 
sumption of gravel by the mining com- 
panies in this county, it is reassuring to 
examine into the amount of material 
remaining. Upon the single ridge which 
divides the Middle from the South Yuba 
river we find, untouched and available, 
an extent of old river channel 15 
miles long. This has an average width 
of about 2,000 ft., and a depth probably 
of 350 ft. This equals over 2,000,000,000 
cubic yards. To remove this quantity, 
assuming the capacity of 1 in. of water to 
wash 4 cubic yards per day, will re- 
quire the use of 10,000 in. of water con- 
stantly for 140 years. However, hydrau- 
lic mining is still in its infancy, and im- 
proved appliances, increased pressures, 
and a better knowledge of the laws which 
govern the running of water under these 
peculiar circumstances, may so increase 
the working power of the water, that 
what is now looked upon as the work of 
centuries may be accomplished in de- 
cades. 





THE MEASUREMENT OF SHIPS. 


From “Engineering,”? 


One of the most useful of the minor | 


List” accordingly contains the following 


recommendations of the Committee on | note: “The tonnage and horse power 
Designs has been promptly adopted by | given are the weight in tons, and the in- 


the Admiralty. The Committee call at- | dicated horse-power of the engines. The 
tention in their Report (page xviii.) to | figures in parantheses show the tonnage 
the “very misleading and inacgurate meas- old measurement, and the nominal horse 
ure of the real size and displacement of | power.” 

a vessel afforded by the common mode of; This is a change for the better, and 
classifying ships according to what is must be a source of some satisfaction to 
termed builders’ measurement,” and add: able naval architects of the Admiralty, 
“ We observe that, in order to obtain the , whose designs have always been liable to 
requisite displacement within the prescri- be depreciated by some unfair compari- 
bed limits of builders’ measurement, forms son, based upon nominal tonnage with 
which are manifestly disadvantageous, | previous ships of, probably, quite a differ- 
have not unfrequently been adopted. A | ent build and intention, although it must 
similar objection applies to nominal horse be admitted that, as a rule, the old and 
power, as applied to marine engines. We fallacious comparison of tonnage and 
beg leave to recommend that the use of | horse power tells in favor of the more 
these terms be discontinued, and that the recent iron-clads, whose displacement is 
mass of a ship be described by ‘displace- | great compared with their nominal ton- 
ment’ and the power of her engines by in- nage, and whose engines give out an in- 
dicated horse power.” This month’s “Navy | dicated horse power not dreamt of a few 
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years back. We think, nevertheless, it 
would be better to define the new tonnage 
more clearly than “as weight in tons” 
merely, and horse power than as “ indi- 
cated.” The note should state whether 
the power given is the greatest ever realized, 
or that recorded on the first speed trials 
at the measured mile. In most cases the 
figures would be the same, but it would 
be well to have it stated under what cir- 
cumstances the power given was indica- 
ted. Asregards “weight in tons” the 
note should say whether it is the displace- 
ment as designed which is given (the 
word displacement should not have been 
dropped), or the ascertained displace- 
ment when ready for sea, with all coals 
and stores on board. Alterations while 
building are so much the rule in modern 
war-ships, that the designed displacement 
is usually exceeded, and we look with some 
suspicion upon the exact agreement in 
displacement of the five Indian troop-ships 
(sister vessels) which all appear to dis- 
place the same to an ounce—f,211 tons. 
No doubt they were meant to do so, but 
it is scarcely possible they can do so in 
fact, and the designed displacement is so 
largely departed from in some cases— 
though it may not have been in the case 
of the Indian transports—-that it cannot 
be depended upon as an accurate index 
of “size.” Suppose the displacement of 
the Captain had been so given ! 

Short of a Table, giving full particulars 
of size, speed, armor, guns, coal supply, 
etc., for each ship, it is impossible to form 
an estimate of her proper place in the 
* Navy List,” and even with all particulars 
given no two persons would be likely to 
come to the same conclusion. One sighs 
for the good old days when every ship was 
powerful just in proportion to her ton- 
nage, or her number of guns--for either 
was a sure guide, though there was a 
sadly “nominal” element even then in 
the number of guns. During the long war 
a class of light large-bore guns (called 
carronades, from the famous Carron 
Foundry in Scotland, where they were 
first cast), throwing heavy shot, with very 
small charges of powder, were introduced, 
and were found very effective at short 
ranges. “ My Lords ” adopted them large- 
ly, and thereby stole a long march on 
the French. In the first frigate action in 
which the new guns took part, the Eng- 
lish frigate commenced the action by fir- 





ing an 8 in. carronade from her forecastle. 
The shot fell on board the Frenchman, 
who promptly concluded that if 8 in. shot 
(then an unheard of calibre) proceeded 
from his enemy’s forecastle, something 
very terrible must be expected from her 
main deck, and, with over-much of the 
better part of valor, surrendered without 
venturing to reply. But though carro- 
nades proved so useful as to become a 
portion of every ship’s “establishment of 
guns,” my lords ignored their presence 
on board ship altogether, and for years a 
“36-gun” frigate meant a frigate of 44 
guns at least. The present Admiralty is 
not so wedded to ancient ways, and the 
misleading measurements of recent times 
have been surrendered on the first serious 
attack. Nevertheless, we may still seek 
in vain, and always must, we suppose, for 
any definite means of comparing the fight- 
ing powers of warships. Displacement, 
though giving roughly a good idea of 
comparative cost, which depends more 
upon the weight of iron used than on any- 
thing else, tells little more. The Minotaur, 
displacing 10,627 tons, would be no match 
for the Bellerophon, displacing 7,551 tons, 
which is equalto the Minotaur in armor, 
nearly equal in speed, superior in prma- 
ment, and incomparably superior in hand- 
iness and ramming power. The Warrior, 
displacing 9,137 tons, would be beneath 
the Bellerophon’s notice, while the Fury, 
still displacing less than the Minotaur, 
might almost defy the whole fleet, by 
virtue of her 35-ton guns, 12 in. armor, 
and 1,600 tons of coal. 

Assuredly it will be amongst an Ad- 
miral’s most troublesome duties in future 
wars to appraise the fighting value of his 
ships, and to apportion their special 
tasks. If Nelson had one 90-gun ship in 
his fleet, and all the rest were 74’s, he 
knew at once which to detach to deal 
with the enemy’s most powerful vessel, 
but a British admiral would be puzzled 
now to choose between the Sultan and the 
Monarch, or even between the splendid 
but unwieldy Agincourt and the small but 
handy Vanguard. No doubt this diver- 
sity of type is an evil, but it is impossible 
to bid naval architects stand still, while it 
is only unpractical enthusiasts like Admi- 
ral Elliot who would build a complete 
navy right off upon any cut-and-dry 
scheme—to be immediately rendered 
useless by the improvements of other pow- 
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ers. So long as our ships continue to im- 
prove as steadily as, on the whole, they 
have improved since Mr. Reed took office, 
no one will desire to check this diversity 
of type. We could wish, however, for 
rather clearer classification in the “ Navy 
List.” Why, for instance, are the Blanche 
and Dido, of 6 and 8 guns, honored with 
the title of “ship,” hitherto reserved for 
line-of-battle ships or large iron-clads, 
while their sister vessels, the Spartan and 
Tenedos, of 8 guns each, bear the usual 
title of “sloop.” All are of 1755 tons 
displacement, and 350 nominal horse 
power, and are specimens of a recent class 
of wooden sloops. The Thetis, an im- 
provement on the same class, displacing 
99 tons more, but with the same horse 
power, carries 13 guns, and is called a 
corvette. Surely the armament of both 
classes cannot be the best possible. 

The comparison between indicated and 
nominal horse power in the differeut ships 
is interesting, notwithstanding the uncer- 
tainty which prevails as to what nominal 
horse power means. The performance of 
some of the large recent engines is very 
good indeed; thus the Hercules und Sul- 
tan, of 1,200 nominal horse power, indi- 
cate 8,529 and 8,629 respectively, or over 
seven times. Vestal (not a very recent 
vessel), with 300 nominal, gives 2,154, and 
Dido, with 350, gives 2,518. The Juno, 
dating from 1866, with engines of 400 
horse power, indicates only 1,090—the 
result, we hope, of a misprint. 

It is impossible to read the Committee’s 
remark on the possible injury to designs 
arising from the present arbitrary rule of 
measurement, without thinking of the 
ruin which has come upon yacht-building, 
as a science, through this cause. The 
usual rule is to multiply length by breadth, 
and the product by half the breadth; 
assumed to represent the depth. This is 
not a bad proportion to build to, if ob- 
served, and will give probably a combined 
maximum of buoyancy, stiffness, accom- 
modation, and safety, with speed. But 
the rule encourages builders to diminish 
beam, and make up for it by excessive 
depth, as to which no penalty applies. 
By enormous “ pendulum keels” of iron or 
lead they are able to recover the stability 
lost through narrowness, and to carry a 
large spread of sail. Such craft want a 
bottomless sea to swim in, while their 
overweighted hulls cut through the waves 





instead of rising over them. They are 
wet, dangerous, and cramped, and require 
a crew they have no room for, to handle 
their overgrown spars, while for speed 
they would have no chanceagainst a roomy 
light-draught yacht of reasonable beam, 
and of the same displacement or cubical 
size. But the rule insists that the broad 
yacht shall be accounted a deep one, and 
the narrow yacht a shallow one, irrespec- 
tive of facts, and “tonnage” and time 
allowance are measured accordingly. 
Thus favored, the racing machine has it 
all her own way, and yacht-building on 
any reassonable principle is almost extinct. 
No doubt, as the Committee hint, the same 
rule explains the long straight sides of our 
men-of-war, as well as mercantile steamers. 

Given a steamer displacing 2,000 tons, 
and itis no doubt advantageous, com- 
mercially, tocut her in half, and increase 
her displacement to 3,000 by inserting 
a straight piece amidships. Her lines re- 
main as before, so that the same power 
will drive her at nearly the same speed, 
while she carries cent. per cent. more 
cargo at least. There is a certain danger 
of unseaworthiness if this process is car- 
ried too far, but insurance covers all that, 
and the merchant is content. But it does 
not follow, as many naval architects ap- 
pear to think, that a new ship, to displace 
3,000 tons, should take exactly the form of 
the lengthened ship. By giving her more 
beam amidships, and the same displace- 
ment, and having the sides nowhere par- 
allel except just amidships, the lines of 
the new vessel may be so much fined as to 
give the same speed with less power; or 
the lines may be fined only enough to se- 
cure the samespeed, with the same power, 
but with extra displacement. With the 
increased beam greater seaworthiness will 
be secured. In war ships beam is never 
too small for seaworthiness, but the Com- 
mit:ee evidently anticipate that by doing 
away with “builders’ measurement,” naval 
architects will be induced to give such 
extra beam, combined with finer lines, as 
will enable engine power and coals to be 
economized, and armor increased in pro- 
portion. Itis understood that Mr. Froude 
is carrying out some official experiments 
in this direction, by consent of the Admi- 
ralty, and it is possible that his present 
labors will be as beneficial to the science 
of naval architecture as those which have 
already made him famous. 
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PRESSURE ON 


FOUNDATIONS. 


From ‘‘The Builder, ’* 


Sufficiency of foundations, it is almost 
needless to say, is ever the first source of 
anxiety to the architect and builder. Nor 
is that anxiety unjustifiable. When it is 
required, as so often happens at the pres- 
ent day, to erect gigantic edifices on weak 
and treacherous soils, it may well tax the 
highest constructive skill to supplement 
the weakness of the natural foundation by 
such artificial preparations as shall enable 
it to sustain its massive and costly burden 
with safety. 

Even in constructions of an ordinary 
character, the same remarks apply, though 
in less degree. The safety of a structure 
may be imperilled, or its cost unduly in- 
creased, according as its foundations are 
laid with insufficient stability, or with 
provision for security in excess of its re- 
quirements. When itis considered, there- 
fore, that the precise conditions of safety 
are generally capable of being calculated 
with as much practical accuracy in this as 
in any other part of a construction, it is 
unpardonable that any liability to danger 
or loss should exist from the imperfect 
comprehension of a subject of such vital 
importance. 

Yet it cannot be denied that there ap- 
pears, in many instances, much deficiency 
in the knowledge of the first principles 
which regulate this branch of the con- 
structive art. The practice, not only of 
the workman, but of the otherwise educa- 
ted architect, is often based upon empiri- 
cal, rather than upon exact and scientific 
principles, so far as the laying of founda- 
tions is concerned. It may therefore be 
advisable to attempt to classify these prin- 
ciples in a somewhat systematic manner, 
so as to be available for convenient refer- 
ence in the majority of cases occurring in 
practice. 

The nature of the soil to be built upon 
is evidently the first object for considera- 
tion ; and it is scarcely necessary to say, 
that soils vary in their strength or bear- 
ing power as much as in their geological 
formation. They range from a soft or 
semi-fluid condition,—such as that of 
marsh, mud, or silt,—through all inter- 
mediate stages, to the condition of the 
hardest rock. The inherent strength of 
the soil itself, and the load to be sustained 





upon a given unit of its surface (which is 
usually taken in practice as a sq. ft.), has 
accordingly in the first place to be con- 
sidered. 

Where the soil is incapable, from its 
inherent capacity of resistance to pres- 
sure, of sustaining the incumbent load of 
the structure to be placed directly above 
it, it is then the duty of the constructor 
either to increase its bearing power by 
artificial applications, which shall aug- 
ment the strength of the bearing surface 
immediately under the superstructure to 
the required extent; or else, by widening 
the area of the foundations, to extend and 
enlarge the bearing surface to such a de- 
gree, that that surface shall contain with- 
in it the necessary resistance to pressure 
which the circumstances of the case re- 
quire. The means by which these results 
are arrived at will form the second branch 
of the inquiry. 

The materials commonly used for these 
purposes and the amount of bearing power 
obtained by their use, will also require to 
be described. 

Soils of a soft and even semi-fluid char- 
acter are capable of being treated with 
great success, as regards the improvement 
of their capacity for sustaining structural 
weights. The well-known instance of 
carrying the original Liverpool and Man- 
chester Railway over the Chat Moss is one 
of the most remarkable cases of this na- 
ture. The fluid moss along the intended 
line of railway was first thickened by 
throwing into it a quantity of earth, just 
as water is thickened into paste by the 
addition of flour. When the soil was 
thus improved, though still in a partial 
state of fluidity, it was covered by a broad 
and thick layer of fascines, which floated 
on the viscous soil like a raft upon water. 
Upon this the railway was formed; and 
the result amply justified the marvellous 
foresight of the great engineer who in- 
troduced the railway system into Eng- 
land. 

On reviewing this operation, it will be 
seen that a double process contributed to 
the sucessful result. As the original soil 
nearly approached to the fluidity of water, 
it might be assumed to be incapable (or 
nearly so) of carrying any superstructural 
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weight. The first operation, therefore, 
was to increase the solidity of the soil by 
the addition of a more solid material, 
which, commingling with it, should im- 
part to it a certain amount of sustaining 
power. This having been effected, the 
next operation was to cover the improved 
soil with layersof fascines of such a breadth 
that the surface which they covered should 
contain an inherent bearing-power sufli- 
cient to sustain the weight of the railway 
and the trains. It then became a safe 
operation to lay the railway on the fas- 
cines. 

This leads us to the principle on which 
the bearing-power of all soils should be 
calculated. Every soil is capable, as above 
mentioned, of sustaining a certain weight 
upon each unit of its surface, which va- 
ries in a scale proportionate to the soli- 
dity of the soil. The bearing-power of a 
soil approaching in fluidity to water itself 
may be assumed, as above mentioned, at 
zero, or the lowest point in the scale; and 
the bearing-power of the hard rocks may 
be assumed as the highest; and if these 
bearing-powers be. taken at from 0 to 30 
tons per sq. ft., it will be sufficiently accur- 
atefor practical purposes. Between these 
extremes lie all the intermediate soils of 
weak rocks, shale, gravel, sand, clay, loam, 
silt, etc.; with the varying degrees of 
bearing-power inherent in each. Sup- 
posing, therefore, that the soil is capable 
of bearing a pressure of 3 tons per sq. 
ft. with security, it follows, of course, that 
either 1 sq. ft. of foundation must be 
provided for each 3 tons weight in the 
entire structure; or, if this be impracti- 
cable, that the bearing-power of the soil 
must be increased by such means (piling, 
for instance) as will bring it to the re- 
quisite s'andard of sustaining force. 

The first operation, therefore, is to as- 
certain the weight of the structure. This 
is done, it is hardly needed to say, by cal- 
culating the cubical quantities of the 
whole of the various materials in the 
structure, and ascertaining from thence 
the exact weights which will come upon 
the foundation. If these weights be not 
equally distributed, care must, of course, 
be tuken to ascertain the proportion of 
that weight carried on each part of the 
foundations, and of proportioning the 
area of that part accordingly. Suppose, 
for instance, that in a warehouse the 
floor joists run from back to front; it is 





then evident that the back and front walls 
only will carry the weight of the floors 
and of the goods placed upon them, which 
will render it necessary to strengthen 
correspondingly the foundations of the 
front and back walls above those of the 
sides. Again, suppose a shop-front to be 
carried on an arch, or a girder having 
its bearings on piersat each end of the 
building, it is manifest that the weight of 
the whole superincumbent structure, in- 
stead of being distributed equally along 
the front wall, will be carried on the end 
piers only, the foundations of which 
should be made of a suitable capacity. 

The weight on the foundations, so calcu- 
lated, should also include all extraneous 
loading which may be incidental to the 
structure. Thus, in a bridge, the founda- 
tions of the piers should include, not only 
the weight of the materials of the pier it- 
self, but that of the girder or arch, with 
all the supplemental parts which compose 
the superstructure of the bridge; and also 
the extraneous loading which comes upon 
the bridge; the whole being, of course, 
ultimately supported on the pier founda- 
tions. The extraneous loading varies in 
amount according to the nature of the 
structure, and can genetally be ascertain- 
ed beforehand with tolerable accuracy. 
Thus in a railway-bridge it is usual to 
calculate the weight of the trains at from 
1 ton to 14 ton per foot run, for each sin- 
gle line of railway. On aroad bridge, the 
usual load assumed is from } cwt. tol 
ewt. per superficial foot ; the load of a 
crowd of persons standing as close to- 
gether as practicable having been ascer- 
tained by many experiments to be a little 
more than } of a cwt. per sq. ft. Ina 
warehouse the weight on the floors should 
be ascertained in each case, as it varies 
according to the nature and quantity of 
the goods which it is required to store ; 
about 4 or {5 ewt. per sq. ft. being, per- 
haps, an average amount. In ordinary 
floors, the weight may be safely assumed 
as similar to that on aroad bridge; it be- 
ing understood in both these cases, that 
the effect of a crowd of persons in motion 
considerably increases the strain on the 
structure, for which reason a load of 1 
ewt. per sq. ft.is more frequently assumed 
in practice as a safe amount. 

The weights on the foundations having 
been thus ascertained, and proportioned 
to each part of the structure, it is then 
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necessary for the constructor to determine 
the mare bes of tons pressure per sq. ft. 
which he will put upon the soil on which 
the building is erected. In this respect it 
is curious to observe what great variety 
appears to exist in the practice of the most 
eminent engineers. Take, for instance, 
the pressure of foundations in solid Lon- 
don clay,which possesses, perhaps, a great- 
er amount of uniformity of bearing-pow- 
er than any other soil ordinarily met with; 
and it is on record that the greatest engi- 
neers of the present day have varied no 
less than from 1 to 8 tons per sq. ft. in the 
pressure which they allowed to be placed 
on the foundations of structures of the 
highest importance on London clay. In 
general, however, it may be stated that 
this soil will compress to a considerable 
extent, though with tolerable uniformity, 
under greater pressure than 6 tons, and 
about 4 tons per sq. ft. is recommended 
in practice as a safe pressure upon stiff 
clay; the foundations being presumed tu 
be laid at such a depth as to be unaffect- 
ed by the weather, or by any external cause, 
such as that of water settling in them, 
which will soften the soil on which they 
rest; or of deep excavations being made 
in their immediate vicinity, which will 
allow the clay under pressure to escape or 
ooze away from beneath the building. 

The weaker descriptions of clay soils, 
such as loam, for instance, and also the 
stronger description, such as indurated 
clay or shale, as well as soils of similar 
strength, such as chalk, etc., vary in bear- 
ing-power in degrees which it is impos- 
sible here to indicate, and the practical 
judgment of the constructor will deter- 
mine in each case the amount of pressure 
they can be constructed to sustain. 

The beds of solid gravel which overlie 
the London clay in many places, and are of 
common occurrence elsewhere, form when 
of sufficient thickness and uniformity, one 
of the firmest and most unyielding of the 
ordinary soils. They may safely, under 
these circumstances, be loaded with double 
the pressure which can be put upon Lon- 
don clay with safety. Where they occur 
but casually, however, or in thin and par- 
tial beds, it is preferable to carry the 
foundations through them till a uniform 
soil is reached; as otherwise they may 
give rise to unequal settlement, and to 
damage to the structure in consequence. 

The soils of sand will be next con- 





sidered. They vary from acompact close 
sand witha clayey bind perfectly im- 
pervious to water (which is found in 
the bed of the Thames and elsewhere), 
through all conceivable varieties of coarse- 
ness, looseness, and porosity. Porous sand 
soils, as a rule, are unaffected by stagnant 
water, but easily capable of removal by 
water in motion, and they require extreme 
care at the constructor’s hands where 
there is any probability of the latter oc- 
curring. In this case, the only course is 
to lay the foundations so deep that there 
shall be no probability of their being laid 
bare by the scouring power of the current. 
Perhaps the most difficult of all engineer- 
ing work is the foundation of bridge 
piers in a deep soil of this nature which 
is subject to the action of running 
water in a river; and the contrivances 
adopted in such cases for securing the 
foundations present the most interesting 
examples known to us of modern engi- 
neering resources. 

Up to a comparatively recent date, the 
means adopted in cases of this kind have 
been usually the erection of coffer-dams 
round the space to be occupied by the 
foundation of the pier ; and if a solid soil 
could thus be reached within a moderate 
depth, the operation, though costly, be- 
came one of tolerable certainty. The 
piles forming the coffer-dam being driven 
into the solid soil, the inside was pumped 
dry, and the loose material within the dam 
was removed, when the foundations were 
laid as on dry land. Where, however, 
from the*porosity of the subsoil, it was 
impracticable to remove all water from 
the interior of the dam, concrete made 
with hydraulic lime or cement was depos- 
ited in the bottom and raised till it reach- 
ed the level of the lowest water-surface, 
when the building of the pier was con- 
tinued upwards in masonry or brickwork 
till the level of the bearing of the super- 
structure was attained. It sometimes hap- 
pened that a solid bottom was unattainable 
by any of these means; in which case the 
usual course was to drive long piles all 
over the foundation surface, over which 
the concrete or masonry foundations (as 
the case might be) were laid; this process 
increasing to a large extent the bearing 
powers of the soil, even in cases where 
the piling failed to reach more solid 
strata. The piles forming the coffer-dam 
were cut off below the lowest water-level, 
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instead of being wholly removed ; the un- 
derground portion of them thus forming 
an additional protection to the pier foun- 
dations against the effects of the currerit. 

It is evident that in this case the natural 
sustaining force of the lowest soil reached 
must be the measure of the pressure to be 
allowed on the foundation area of the 
structure; except in the case of piling as 
above mentioned, where the friction on 
the sides of the piles, as well as the re- 
sistance of their points or lower ends to 
sinking under the superincumbent weight, 
increased the sustaining power of the soil. 

Of late years, the methods of forming 
foundations have been generally superse- 
ded by that of sinking into the bed of the 
river long upright cylinders formed of 
rings of iron plates bolted together, by 
which means much greater depths of 
foundation can be attained at (in most 
cases) a mere fraction of the cost required 
for the expensive system of coffer-dams. 
These cylinders are usually sunk in the 
following manner. A frame or staging of 


timber piles is first erected around the 
site of the cylinder, and a sufficient length 
of cylinder is then lowered from a plat- 


form on the top of the stage, to rest on 
the bed of the river. The cylinder is 
kept in its precise position, as well as 
kept truly upright, by cross-timbers laid 
horizontally from pile to pile of the sta- 
ging at two or three different levels above 
the water surface, which prevent all late- 
ral movement in the cylinder, though they 
do not impede its vertical descent. The 
soil is then excavated from the interior of 
the cylinder, either by workmen in diving- 
dresses or by machinery specially provided 
for the purpose; and the cylinder itself is 
weighted heavily by “pigs” of iron or 
other convenient loading being placed 
temporarily around its inner circumfer- 
ence. The result of this operation is, that 
as the soil is removed from the inside of 
the cylinder, its lower edge forces or cuts 
its way downwards from the influence of 
the heavy loading, and the cylinder grad- 
ually descends through the soil till the 
required depth is reached. As this takes 
place, fresh rings of iron plates are added 
on the top, so that the upper portion of 
the cylinder is always kept above water, 
and is retained by the timber guides 
above mentioned, in a vertical position. 
The outside surface of the cylinder, which 
is in contact with the guides and with the 





soil below, is formed to present always a 
smooth surface; and all the flanges or 
projections by which the several rings are 
bolted together are kept on the inside of 
the cylinder, and serve also the double 
purpose of carrying the pig iron loading 
for assisting the sinking of the cylinder. 

By this method, cylinders have been 
carried down to 100 ft. below water level, 
and to even greater depths occasionally ; 
and the cases are comparatively rare 
where a solid bottom cannot thus be 
reached. 

It is then usual to fill the cylinders with 
concrete, made of hydraulic lime or ce- 
ment, and thus to render them suitable 
for supporting the superstructure of the 
bridge. In some cases the upper rings of 
the cylinders above the level of lowest 
water are removed, and the portion of the 
pier above that level is built up in ma- 
sonry, so as to present the appearance 
above water of an ordinary brick or stone 

ier. 

4 The pressure on the foundations in this 
case is evidently caused not only by the 
weight of the superstructure, but by that 
of the cylinder itself, and of the concrete 
which fills it. When the depth of the cyl- 
inder is considerable, the weight of the 
concrete makes so large an addition to 
the pressure on the foundations, that it is 
frequently very difficult to so apportion 
the size of the cylinder that the area of 
ground on which it rests shall have suffi- 
cient bearing power for sustaining the 
load which it has to carry. In such a 
case every contrivance is used to lighten 
this pressure, both by diminishing the 
size of the cylinder above the river bed, 
and by making the superstructure as light 
as is consistent with stability. Tne fric- 
tion of the soil on the sides of the cylin- 
der (especially in the case of clay, which 
has a tendency to swell when cut into), is 
also useful in aiding to prevent the cyl- 
inder from sinking further when the 
weight of the superstructure comes up- 
on it. 

It is also generally found that ordinary 
soils will bear more weight at great depths 
than nearer to the surface. This is main- 
ly owing to their becoming more con- 
densed from the superincumbent weight ; 
and also (especially in clay soils) to the 
increased difliculty of displacing laterally 
the soil under pressure. This may be 
understood by considering the action of 
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an ordinary pointed pile, which, as it is 
driven into the ground, displaces the orig- 
inal material which is forced outwards or 
sideways, and renders the soil more con- 
densed in its immediate vicinity. A some- 
what similar effect takes place in clay 
under the pressure of superincumbent 
weight, which causes the soil to yield or 
ooze away sideways in consequence; and 
this movement is found to take place with 
less facility at great depths. An example 
of this is found in the railway bridge over 
the Thames at Charing-cross, the pier 
cylinders of which are stated to exert a 
pressure of 8 tons to the sq. ft. on their 
foundations on the London clay; a pres- 
sure to which the same soil could not be 
exposed at a less depth from the surface 
without causing some risk of undue sub- 
sidence. 

When sand of good quality, however, is 
protected from being washed away by 
running water or heavy rains, it forms an 
excellent foundation. It is firm and com- 
pact in its nature, and when in beds of 
sufficient thickness, it may be loaded in 
practice, with pressures of 6 to 8 tons per 
sq. ft. with perfect safety. 

Before proceeding further, however, 
some practical considerations must be al- 
luded to which modify the question of the 
amount of pressure which may safely be 
put upon a given soil. 

Suppose, for instance, a solid block of 
masonry 20 ft. square and 20 ft. high, and 
a thin wall of the same material, also 20 
ft. high, were placed upon the same soil. 
On this supposition, the conditions both 
of soil and of pressure upon each sq. ft. 
of the foundations would be alike it each 
case ; and yet the thin wall, as regards 
the stability of its fcundation, would be 
far less advantageously situated than the 
square block. A much slighter inequality 
in the bearing-power of the soil would 
disturb its equilibrium, or throw it out of 
the perpendicular ; and it would also be 
more liable to damage from external 
causes affecting the ground on which it 
stood. Again, if the construction were a 
tall shaft or column instead of a wall, and 
therefore capable of being easily deflected 
sideways in any direction, these liabilities 
to injury would be still further increased. 
To place the two structures, therefore, on 
an equal standing, itis necessary to reduce 
considerably the pressure on the founda- 
tions of the weaker one ; and this is gen- 





erally done in practice. It is customary 
to extend the foundation courses of a wall 
or, column to a considerable width beyond 
the face of the superstructure ; and vari- 
ous contrivances are used for effecting this 
purpose. The most usual of these is to 
extend the width of the foundation by 
means of footing courses, which, if proper- 
ly constructed, have the effect not only 
of diminishing the pressure on the soil, 
but of otherwise increasing the stability 
of the structure, by augmenting the lever- 
age with which the foundation resists the 
force of the wind or other external causes 
acting on the building above, and tending 
to overturn it. 

Where it is desirable, from the weakness 
of the soil or otherwise, to extend the 
foundation still more than can be con- 
veniently effected by footings, it is usual 
to place a layer of concrete of still greater 
width beneath the footings, or to prepare 
a foundation of timber piling or cross 
planking upon which the superstructure 
can be erected. 

In this way it generally occurs in prac- 
tice, that the foundations of thin walls on 
the weaker soils are compressed to about 
half the above-mentioned amounts only. 
But in the piers and abutments of bridges, 
and in other structures covering a large 
space in proportion to their height, the 
pressures indicated above may be gener- 
ally adopted with security. 

The rocky soils, which vary from the 
hardness of granite to that of soft crumb- 
ling stone easily worn by exposure to the 
weather or to running water, may be 
considered in the same category of bear- 
ing-power as masonry itself, which will be 
subsequently treated of. In fact, it scarce- 
ly ever occurs in practice that such soils 
are loaded with the full amount of weight 
which they are capable of sustaining; the 
extent of base necessary for the stability of 
the structure being, in almost all cases, suf- 
ficient to insure a sufficient area of founda- 
tion on rock and the harder soils. 

The weight of the structure having been 
calculated, the pressure per sq. ft. on the 
soil determined, and the area of the 
foundations deduced therefrom as above 
described, the base of the structure must 
be extended either by footings, concrete, 
or otherwise, so as to cover that area and 
transmit the pressure equally and uniform- 
ly over it. 

Great care is of course required when 
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sudden changes or variations in the soil 
take place, to insure that the settlement 
of the structure, if any occur, shall be 
uniform over its whole extent. 

It now remains to consider the pres- 
sures which may be safely adopted on 
the materials themselves used in founda- 
tions, as distinguished from the soil on 
which they rest. 

Good ordinary brickwork will crush 
with a load of about 30 tons, and may be 
loaded safely in practice up to 10 tons per 
sq. ft. Brickwork of the best deseription, 
set in Poitland cement, can be loaded in 
practice with double this quantity, al- 
though this should be considered an ex- 
treme amount; and it is more advisable 
to keep well within it, especiallly in thin 
walls and columns, which are liable to 
deflection under such heavy pressures ; 
the latter cause of failure being quite in- 
dependent of the inherent resistance of 
the material to crushing weights. 

The limit of load which should be put 
upon stonework depends upon the nature 
and quality of the workmanship as well as 
upon the hardness of the stone itself. 
Thus, rubble walls with thick and irregu- 
lar joints of mortar are weaker than even 
inferior brickwork for the support of 
heavy superincumbent weights, while 
well-bedded ashlar masonry will bear 
loading to an immense extent. In general, 
from 8 to 30 tons per sq. ft. may be taken 
as the practical limits of such loading ; 
but so much depends in each case on the 
quality of the materials and workmanship, 
that it is impossible to specify more pre- 
cisely what limit should be adopted in each 
case, which must be left in a great degree 
to the judgment of the constructor. 

The bearing-powers of concrete may be 
taken at from 6 to 20 tons per sq. ft. ac- 
cording to the goodness of the materials 
of which it is composed, and the propor- 
tions of lime or cement used in mixing it. 

The bearing-power of timber piles is an 
important feature in foundations, and 
varies according to the nature of the soil 
and the size and length of piles driven. 
The more ordinary application of piles is 
to drive them through a loose or weak 
material to a firm stratum underlying it ; 
in which case they may be considered as 
columns or pillars supporting the super- 
structure, and stayed or steadied along 
their length by the contact of the soil 
through which they are driven. In this 





case, and under ordinary circumstances, 
long piles of whole timber driven to the 
usual extent (as, for instance, that a ton 
hammer with a 15 ft. fall should not drive 
the pile more than } of an in.), may be 
trusted to carry aload of from 10 to 15tons. 
Where the soil is very loose or fluid, how- 
ever, this load should be diminished; as such 
a soil affords insufficient lateral support to 
the length of the pile, and allows it to de- 
flect sideways, which materially diminishes 
its strength. In this case,a greater num- 
ber of piles is generally used, which has the 
double advantage of both condensing the 
soil and of diminishing the loading upon 
each pile. 

Piling is also frequently used in semi- 
fluid soils of great depth, where no firm 
bottom stratum is attainable. In Holland 
this takes place to a great extent, the large 
houses in that country being universally 
built upon a foundation of this description. 
In the swampy lands of America also, the 
same foundation is in very general use for 
engineering works. The bearing-power 
of the piles in this case consists mainly of 
the friction or adhesion of the soil to their 
surface, and this amount varies greatly, 
according to the nature of the soil. In 
fine sand, which is a very adhesive mate- 
rial, it has been found by experiment to 
be fully 1 ton per superficial foot of the 
pile surface (the piles being long and fully 
driven); but this amount of resistance is 
seldom attained. ‘The load which piles 
in this condition will sustain may be as- 
certained with facility by using one of the 
undriven piles as a horizontal lever to 
withdraw a pile already driven ; the lever 
having, of course, its short arm attached by 
a chain to the pile which is to be drawn, 
and its long arm loaded, the measure of 
the weight required to draw it will be of 
course the friction of the ground upon the 
surface of the pile. The pile should not 
be loaded in practice, however, with more 
than one-sixth of the weight sufficient to 
draw it, when the soil throughout is of a 
weak and fluid character. 

When foundations of planking are 
adopted (which, though liable to rapid 
decay in a dry situation or in one where 
the timber is wet and dry alternately, may 
be used with a tolerable amount of safety 
in wet soils), the planks are usually cut in 
short lengths and laid crossways to the 
wall ; and tied longitudinally together by 
longitudinal planking under the super- 
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structure, of the full width of the footing | soils. The above remarks show the general 
course. The longitudinal and cross planks | principles upon which foundations can be 
are spiked together and are found to make | laid with security in the cases most ordi- 
an excellent foundation. Good timber |narily occurring in practice. They are, 
may be loaded in this position up to 8 or | however, necessarily subject to modifica- 
10 tons per sq. ft.,and affords an excellent | tion inthe endless variety of circumstances 
meansfor distributing the superincumbent | met with by the practical architect and 
pressure over alarge surface, which is es-| engineer in the exercise of their profes- 
pecially valuable in the case of the weaker | sion. 








GUN-COTTON. 


From ‘‘Engineering.”’ 


A series of important experiments with | of gun-cotton in a solidly-built magazine 
gun-cotton were lately carried out at Cliff; would result in a violent explosion. For 
End, near Hastings, by the Committee on | this purpose a shed of 14in. brickwork, 
Explosives, under the direction of Colonel | covered in with a 9 in. vaulting of the same 
Younghusband, R. A., the President of | material, was constructed. In it were plac- 
the Committee. The experiments related | ed 24 boxes of gun-cotton arranged as for 
to the storage of Professor Abel’s com- | the first experiment, and surrounded by 
pressed gun-cotton, the object being to as- | shavings. Upon ignition, a stream of 
certain the behavior of that material | yellow flame rushed out of the doorway to 
upon heat being applied under certain | a distanee of 20 ft. horizontally for about 
conditions. The first point investigated |10 sec., when the magazine was blown 
was whether the ignition of a considerable | violently up, the debris forming a cloud in 
quantity of dried gun-cotton packed in|the air, and some of the bricks being 
service boxes, and stored in a lightly-con- | hurled to a distance of 1,800 ft. from the 
structed magazine, would result in a vio-! point of explosion. This affords ample 
lent explosion, or whether the contents of | evidence that the mere combustion of this 
the magazine would merely burn out. For | gun-cotton cannot be relied upon under 
this experiment a light wooden shed was! such circumstances. Such being the re- 
erected, measuring about 8 ft. 6 in. square, | sult, it was deemed desirable to repeat 
and rising from 5 ft. at front to 7 ft. 6in. in the experiment on the following day. Ac- 
the rear in height, roofed in with plank- | cordingly, another 6 ewt. charge of the gun- 
ing and felted. The charge consisted of , cotton discs was disposed in the same or- 
24 boxes of compressed gun-cotton, each | der as previously, in a light timber mag- 
box containing 28 tbs. The boxes were ar-| azine. The only difference was that the 
ranged in two piles of 12 each, the piles, gun-cotton in the previous experiments 
being 2 ft. apart and 1 ft. from the wall of was packed in cases made of pin. deal 
the building, representing, as nearly as boards dovetailed into stout elm ends, 
possible, the arrangement of a gun-cotton | whilst on the second occasion it was pack- 
magazine. A couple of boxes were par-| ed in Zin. deal cases with deal ends and 
tially opened in order to facilitate the ac- | nailed together. Upon being ignited, the 
cess of fire to the gun-cotton, and the shed smouldered for 35 min. 45 sec., when 
charge was surrounded by a pile of shav- | the gun-cotton flames burst forth, rising to 
ings, with which an electric fuse was con-| an estimated height of 60 ft., and lasting 
nected. As soon as the shavings were ig-| for 15 sec. The magazine was, by this 
nited, a whitish smoke issued from the | means, thoroughly ignited, and after a 
shed with increasing volume for 7 min., | lapse of 3 min. the gun-cotton flames again 
when flame burst forth, and in a few sec- | made their appearance, lasting for 10 sec. 
onds a sharp explosion occurred; which | The timbering of the shed burned for some 
demolished the shed and formed a crater | time afterwards, but from first to last 
20 ft. diameter and 2 ft. deep in the shingle | there was no explosion whatever. This 
beach. circumstance, of course, entirely reversed 

Another object of the experiments was to , the results of the previous day, and was so 
ascertain whether the accidental ignition | remarkable that the Committee resolved 
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to repeat the experiment once more. This | and steam. These results were, of course, 
they did by igniting a charge of 560 tbs. | satisfactory enough, but it is far from de- 
under precisely the same conditions as be- | sirable to have a material which requires to 


fore, the result being that the gun-cotton | be kept constantly wet in store, and which 


burned with an intensely bright flare, but 
without any explosion whatever. It is 


'has to be dried before it can be used. 
| This protective notion is very pretty in 


surmised that in the last two experiments | theory, and so was Gale’s method of pro- 


the fire had smouldered and was not suf- 
ficiently intense to produce that tension in 
the gun-cotton which would have been ne- 
cessary to its explosion. It is, therefore, 
intended to proceed still further with 
these experiments, in order, if possible, 
to determine the question. Any number 
of repetitions, however, cannot reverse the 
fact that compressed gun-cotton is liable 


tecting gunpowder, but they alike fail in 
practice. The experiments were brought 
to a close by the demolition of 2 Martello 
towers, one by means of 800 Ibs. of gun- 
| powder, and the other with 200 Ibs. of gun- 
cotton. Both did their work equally well, 
and the results add nothing to our 
previous knowledge of the power of gun- 
cotton. The point at which the experi- 


ments leave us is, that gun-cotton will ex- 
zine, as attested by the first day’s experi- | plode in a magazine under circumstances 
ments, and that, for the present, at any ;|of ordinary ignition. The cause of this, 
rate, it must be treated as an explosive, | however, is not yet clear, and the results 
and not as a mere combustible. of the above trials show that further ex- 

The next experiment was made with a | periments are necessary in order to deter- 
view to test the safety of gun-cotton stored | mine the precise nature of this explosive. 
in a wet condition. For this purpose 6 | In the mean time it is clear that gun-cot- 
ewt. of gun-cotton discs were wetted for 1} | ton cannot be relied upon for safety in 
min., the time required for them to absorb | storage; the circumstances of the two ex- 
20 per cent. of moisture. They were placed | perimental explosions—the flare and the 
in a light shed and fired in the same man- | subsequent explosion—but too nearly re- 
ner as the previous charges, burning for , semble those testified to as having occur- 
about 25 min., and emitting fire, smoke, ' red at the Stowmarket catastrophe. 


to explode when fired in mass in a maga- 








THE ADAPTABILITY OF TITANIFEROUS ORES FOR THE PRO- 
DUCTION OF IRON BY KNOWN METHODS.* 


By G. W. MAYNARD, M. E. 


It is proposed in the following paper to ) works of the Iron Mountain Company, at 
sum up the published accounts of experi- | Westport : 
ments that have been made with titanifer- | —— — 
ous ores, with the hope that an information 
of similar experiments carried on in our 
own country may be called forth.The large 
deposits of titanic ores on the St. Law- 
rence, in Canada, in North Carolina, and 
especially in Northern New York, on Lake 
Champlain, demand an examination of 
their value, The most extensive known 
deposits are those in Essex county, N. Y., 
near the town of Westport, on Lake Cham- 
plain, and are the mines known as the 
—— “Tron Mountain,” and “Split 

c Tas 
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Kinydom ore 
sampled 
Spht Rock o 


at Westport. 


sampled 


at the mine, 


sampled 
at the mine. 


| Iron Mount. o 





| | 
| Sesquioxide of iron.) 23 27) 30.36] .... 


| Protoxide of iron ..| 21.24) 25.46 
Protoxide of mang..| 0 87) 0 47]....../..... 
Alumina 11,86) 9.8; 
Se elelet | 7.63) 7.7 
Macnesia : 01 
Silica | 21,64) 10. 2¢ 


The following are analyses of samples 
Titanic acid .......| 13 15) 16 3; 


of ore selected by myself at the mines and 

















Nos. 3 and 4 were examined for titanic 


* A paper read before the Amefican Institute of Mining En- | id 1 
acid only. 


gineers, at Philadelphia. 
Vou. VIL —No. 1—5 
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In the above analyses, my assistant, Dr. 
Wendell, rendered material aid. 

The distinguishing characteristics of 
titanic acid compounds are difficult fusi- 
bility and high specific gravity. This has 
been made evident in all attempts to 
smelt this character of ore in the blast 
furnace by the production of exceedingly 
sluggish slag, and the formation of sala- 
manders in the hearth. 


EVIDENCE OF TITANIUM IN THE ASSAY. 


In the fire assay of titaniferous ores; 
according to Percy (“Iron Met.” p. 243), 
“the button is smooth on the exterior, 
breaks under the hammer with dark gray, 
dull, or crystalline fracture. It adheres 
firmly to the slag, which is often resinous, 
black, and scoriaceous, or curiously wrin- 
kled on the exterior. Externally the slag 
and sometimes the button is coated with 
a characteristic copper-colored film of cy- 
ano-nitride of titanium.” In my own ex- 
amination of titaniferous ores, I have fre- 
quently found this metallic film to have 
the bright yellow color of brass. 

EVIDENCE IN THE BLAST FURNACE. 

The same copper-colored metallic de- 
posits are often found in the salamanders 
of blown out blast furnaces. 


TITANIUM IN IRON AND STEEL. 


Much has been claimed for the influ- 
ence of titanium upon iron and steel, and, 
according to Percy, no less than 13 pat- 
ents were granted Robert Mushet for 
‘alleged improvemenis in the manufac- 
ture of iron and steel, and in all the ap- 
plication of titanium plays the chief part.” 
It is not necessary to state in this con- 
nection how the various alloys are claimed 
to be made. Percy goes on to say that 
“some analytical chemists of skill and 
repute declare that they have examined 
specimens of ‘titanic steel’ without being 
able to detect any titanium in it. On in- 
quiry, I learn that Mr. Mushet has not 
yet succeeded in convincing the Sheffield 
steelmakers of the surpassing excellence 
which he claims for his ‘titanic steel.’” 

KARSTEN'’S RESEARCHES. 

* According to Karsten, traces of titan- 
ium exist in very many varieties of cast 
iron; but it is questionable whether, in 
such cases, the metal be actually alloyed 
with or dissolved in the iron, and whether 
it be not in the state of mechanically dif- 
fused cyano-nitride.” 





ALLOYS OF TITANIUM AND IRON. 


“Faraday and Stodart failed in their 
attempts to introduce titanium into steel. 
A mixture of steel filings and oxide of 
titanium, with a little charcoal, was in- 
tensely heated, when the steel fused and 
ran into a fine globule, which was cov- 
ered with a glass adhering to the sides of 
the crucible; the steel contained no titan- 
ium. The temperature employed was 
sufficient to soften and almost liquefy the 
crucible in 15 minutes.” 

Mr. Riley has made the following anal- 
yses of pig irons containing titanium : 

2. 
.18 
-28 
PEs osctsacte cee 05 
Phosphorus............ 062 
Titanium ° 71 
0.48 a 
92.79 92.04 

No. 1 was made with red hematite and 
7.5 per ct. ilmenite (titaniferous iron ore), 
of which the following are the analyses : 
Magnetic oxide of iron 54.72 
Titanic acid : 40.80 
sili 1,58 

2.13 


This iron was a No. 1 pig, best foundry, 
found to be practically very strong, and 
answered well for the Bessemer process. 

No. 2, not best foundry; No. 3, gray 
pig. These two samples of pig iron were 
made with red hematite, mixed with a 
little Belfast aluminous ore ; the effect of 
the latter on the working of the furnace 
was stated to be very beneficial. 


EFFECT OF TITANIUM ON IRON. 


Bruno Kerl states: “When smelting 
titaniferous iron ores (titaniferous iron 
sand of New Zealand), upon adding titan- 
ite to the iron ore mixture, gray titanifer- 
ous pig iron is produced (not white iron, 
as in this production most of the titanium 
enters the slag), which is said to yield an 
excellent wrought iron and steel ; but it 
is still doubtful whether any portion of 
the titanium is retained in the wrought 
iron or steel made from such pig iron, so 
that the improvement attributed to the 
use of titaniferous ore is probably due to 
some indirect action rather than to the 
actual presence of titanium in the finished 
product.” 

Lesley, in the “Iron Manufacturer's 
Guide,” says: “ fron and titanium occur 
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together in so many ores that their rela- 
tions are important.” 

Karsten says that titanium makes the 
Norwegian iron strengfussig, hard to smelt, 
so that when the titanium is abundant in 
the ore, the 35-ft. charcoal stacks of Aren- 
dale cannot smelt it, and it is therefore 
hand picked. Otherwise no injury is done 
the iron, which, in fact, is harder, firmer, 
and cun stand more wear. 

Hassenfratz experimented with rutile, 
or red short (oxide of titanium), and 
found his iron remain malleable, and nei- 
ther red nor cold short. It is doubtful if 
the metals unite chemically. 

The following paper, by Mr. David 
Forbes, in the London “‘ Chemical News,” 
for February, 1869, is the most important 
contribution to our own knowledge of 
this subject that I have been able to find. 
“On the Composition and Metallurgy of 
some Norwegian Titaniferous Iron Ores, 
by David Forbes :” 

“Considerable attention has of late 
been directed to the utilization of the ti- 
taniferous ores, which are found abun- 
dantly in New Zealand, Canada, Scandi- 
navia, and other countries, under the 
supposition entertained by many engaged 
in the manufacture of iron, that these ores 
yield on smelting an iron or steel alloyed 
with titanium, and of very superior qual- 
ity. 

“In the numerous articles and discus- 
sions which have appeared in English 
journals upon this topic, the subject has 
been treated as one of entire novelty, and 
various patents have also been taken out, 
evidently under the impression that such 
ores had never previously been utilized, 
and that their treatment, as well as the 
nature of their products, had been pre- 
viously quite unknown to metallurgists. 
So far, however, from this being in reality 
the case, it is well known that the titanif- 
erous magnetites of Sweden, Finland, 
and Norway, have, from very old periods, 
been mined and smelted on a large scale 
in the charcoal blast furnaces of those 








back as 1847, when I acted as consultant 
to some small charcoal iron works im the 
south of Norway, where such ores were 
smelted in quantity. From my notes and 
analyses I have extracted the following 
remarks: ‘Titaniferous magnetite (Cris- 
tine mine, Krageroe). The color of this 
ore is brilliant black, and retains its color 
and lustre even after lor.g exposure to the 
air and moisture. The following is the 
result of the analysis : 

42.02 per 


cent. 
se 


Oxygen (as loss)..... 

Protoxide of manganese 

Alumina 

Lime 

Magnesia 

ciate cain akan heen meee eae 
EY gaxnanncaxeduncatccns< ° 
Sulphur 

Phosphorus 


“se 
“ 
se 
“ 
“ee 
“ 
“ 
“ 


100.00 per cent. 

“ «Especial attention is called to the fact 
that there is not a trace of phosphorus in 
this ore. 

“<The experience of the Scandinavian 
iron masters has shown that the only ob- 
jection to the use of titaniferous ores is 
that they are found to be more and more 


refractory in the blast furnace in propor- 


tion as they contain a greater percentage 
of titanic acid, and if much titanium is 
present they require so much larger an 
amount of charcoal to smelt them as not 
to render their employment profitable in 
a country where other ores, free from 
titanium, can be ebtained at reasonable 
rates.’ 

“ After considerable experience in smelt- 
ing the above ore, which yielded a very 
good iron, it was found impossible to 
smelt it alone for the above reason, but its 


|use was found beneficial when employed 


in about equal proportions with the other 
ores of the district which were free from 
titanium. In the attempts to cause it to 
smelt more easily, my predecessor, under 
the supposition that a volatile compound 


| of silicon and titanium would be formed, 
| charges of stamped quartz, until at last a 


fluxed this ore with gradually increasing 


countries, where their metallurgic treat- | cast iron was obtained so highly charged 
ment and value are thoroughly under- | with silicon that it flowed from the fur- 


stood and appreciated; and several Scan- 
dinavian iron masters have expressed to 
me their surprise at the want of informa- 
tion possessed by English metallurgists in 
general upon this subject. 

“My own experience in the smelting of 


titaniferous iron ores dates from as far | 





nace like porridge. I, on the contrary, 
used lime as a flux, and probably went at 
first to the other extreme, with the object 
of slagging off the titanic acid as titanate 
of lime, but I did not obtain as satisfactory 
a result. Subsequently, however, the ex- 
amination of some silico-titanates, which 
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proved much more fusible than pure titan- 
ates, led me to employ a mixture of 
stamped quartz and limestone as a flux. 
This was found to give very satisfactory 
results in practice, and when the amount 
of titgnium in the ore did not exceed 8 
per cent., or was reduced to this percent- 
age by admixture of other ores of iron 
free from titanic acid, no difficulty was 
experienced in working cleanly and prof- 
itably. The cast iron produced, upon 
analysis, did not contain phosphorus, only 
a trace of sulphur, and afforded 0.05 per 
cent. of titanic acid, equal to 0.03 per 
cent. of titanium, which, I imagine, was 
rather mechanically intermixed than 
chemically combined with the iron. The 
cast iron possessed a peculiar fracture not 
easily described, but easily distinguished 
by the furnace men, who could at once 
recognize the pig from these ores, even 
after it had been remelted in the cupola. 
The slags from this ore (and titaniferous 
ores in general), even in cases where it 
had only been employed as an admixture 
of as low as 10 per cent. of the charge, 
are at once recognizable, both by their 
behavior when fluid as well as their ap- 
pearance and fracture when cold. As 
they flow from the furnace a series of blis- 
ters (if they may be so called) rise up from 
the slag sometimes to the height of from 
6 in. to a foot, and of about the thickness 
of the wrist ; after standing up thus for 
some minutes with a peculiar appearance 
they suddenly collapse and sink into the 
still fluid current of slag. The blast fur- 
nace in which these ores were smelted 
possessed the following dimensions: To- 
tal vertical height from sole of hearth to 
charging plane, 32 ft.; height from hearth 
to tuyeres, 14 ft.; ditto to shoulder, 6 ft.; 
ditto from shoulder to widest diameter, 2 
ft.; diameter at hearth, 2 ft.; ditto at 
shoulder, 4 ft.; ditto to widest part, 7 ft.; 
ditto at charging plane, 5 ft. The blast 
was heated to about 500 deg. Fahr. (2,608 
Cent.), by the waste gases from the fur- 
nace. The ore was roasted in kilns situ- 
ated on the top of the furnace, and heated 
by the waste gases, and, after washing, it 
was broken to the size of nutmegs by roll- 
ers. The charcoal employed was a mix- 
ture of spruce, fir, and pine, and it re- 
quired 40 Eng. cubic feet of this charcoal 
(about 3,744 lbs. in weight) to produce 1 
ton of cast iron. The total yield of cast 
iron per week from these small furnaces 





was, on an average, about 16 tons, the 
ore producing about 33 per cent. of 
iron. 
“Titaniferous magnetite (Gullaxsund 
mine, Ever). 
Analysis. 
38.89 per cent. 
14.84 
0 48 
* 1.70 


Titanic acid 
Sulphur 
Phosphorus 
100 00 per cent. 

“The amounts of phosphorus and sul- 
phur in this ore are so large as to prevent 
its being employed for the production of 
charcoal bar iron, as the trials sometimes 
made for this purpose showed that the 
bars obtained were extremely red short. 
The abundance of the ore and its conse- 
quent cheapness, as well as its proximity 
to the smelting works, rendered it, how- 
ever, of importance for the production of 
casting pig. The ore when smelted alone 
was found to be refractory, and not to 
produce a liquid slag, but this difficulty 
disappeared when it was smelted along 
with other ores free from titanium.” 

Mr. Henderson, of the late firm of Play- 
er & Henderson, makes the following 
statement: “Ores are found in Norway 
avd taken to England, having the follow- 
ing composition : 
Sesquioxide of iron 
Protoxide of iron 
Protoxide of manganese .... 


Titanic acid 
IN coin diagiinass ie baie eo eae «ask 


22 63 per cent. 


al anaes cana ama pia 
100.35 per cent. 


“They are worked in small furnaces with 
1,000 deg. temperature of blast at Norton, 
on a plan patented by John Player. The 
charge is 2 tons to 2} tons of ore, 15 ewt. 
of limestone, and about 10 ewt. of basalt. 
The iron becomes titanized, and is found 
to be exceedingly strong, and is used in 
Europe for armor plates, commanding 3 
times the price of ordinary pig iron. The 
tensile strength of the resulting wrought 
iron, when puddled, is about 52} tons to 
the sq. in. There is very little carbon in 
the pig metal, and being almost steel, in 
puddling it requires but half the time of 
ordinary pig.” 

I find in the “Berg und Huttenman- 
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nische Zeitung,” for 1866, p. 396, the fol- 
lowing : 


“ An extensive titanic iron (Ilmenite— | 


Titanium, 36.44 per cent.) at Sogndal and 
Egersund, Norway, is being worked by an 


English company. Of this ore 5 per cent. | 


is added in the blast furnace working, the 
result being a most admirable gray iron 
for steel purposes. In 1864, 2,500 tons 
were shipped to England.” 


The following is also from the same 


journal for 1868 : 

“Mr. George Crawshay, of the firm of 
Hawk, Crawshay & Sons, at Gateshead- 
on-Tyne, and John Thomas, of Newcastle- 
on Tyne, have patented the following 
mode of procedure in the treatment of 
titaniferous iron ores. By washing the 
ores and suddenly cooling them in cold 
water, the lumps are rendered friable, 
and the titanic acid is in part converted 
into titanic oxide. The charge consists 
ordinarily of 1 ton titanic ore, 1 ton pig 
iron, 3 ewt. raw or burnt clay, 4 cwt. lime- 
stone, 15 cwt. fuel. Charcoal is found to 
give the best results. The amount of pig 
iron is dependent upon the percentage of 
titanic acid in the ore. 


Of all the plans suggested for the treat-_ 


ment of this class of ores, the one just 
mentioned is the most absurd. 

A leading article in “ Engineering,” for 
April 1, 1870, speaks in the highest terms 
of Mushet’s “special steel,” manufactured 


_ way, but only needs a light cold hammer- 


|ing. The firm of Messrs. John Fowler & 


Co., of the Steam Plow Works, Leeds, 
use extensively tools made from this 
steel. 

In October, 1870, it was announced 
that the works at Coleford were being 
very much enlarged for the production of 
titanic steel. 

I cannot find any account of the meth- 
ods employed. 

I believe I have given the principal evi- 
dence for and against the use of titanifer- 
ous ores. That titanium has a beneficial 
influence upon iron and steel, there seems 
to be no question, but why this additional 
element of strength is communicated is 
not yet fully determined. In a subse- 
quent paper, I purpose giving the theo- 
ries that have been advanced. The in- 
formation which I have collected sets at 
rest the question of the employment of 
ores containing any considerable percent- 
age of titanium alone in the blast furnace, 
or even to any considerable extent. That 
they may be used in conjunction with 
purer and more fusible ores with benefit 
to the iron produced, seems to be certain, 
but sooner or later infusible salamanders 
will be formed in the hearth. 

Menalaus, of the Dowlais Works, in his 
experiments with his mechanical pud- 
dling furnace, found that titaniferous ore 
was the only,ore which would stand as a 


by the “Titanic Steel and Iron Co.” of fettling. 


Coleford. For tool steel it is claimed to | 
be superior to any other known steel. 


All experiments which have been made 
with titaniferous ores in the forge fires of 


The peculiarity of the steel is that it does | | Lake Champlain have proved unsuccess- 
not require hardening in the ordinary | ful. 





A REVIEW OF BERTHELOT’S ESSAY ON THE FORCE OF GUN- 
POWDER AND OTHER EXPLOSIVES. 


By PRO. DR. RUDOLPH WAGNER, 


Translated for the ‘‘ Journal of Applied Chemistry” by E. J. Hallock, A. B. 


To determine the explosive force of any 
substance four factors are requisite, viz.: 
a, the chemical composition of the sub- 
stance; 6, the composition of the products 
of explosion; c, the amount of heat devel- 
oped by the reaction; d, the volume of 
the gases formed. 

The chemical composition of the explo- 
sive is given at the outset. Sometimes 
this substance consists of a number of 
bodies which exert a reciprocal action 





upon each other, as is the case in gunpow- 
ders; sometimes it is a definite chemical 
compound, which is able suddenly to un- 
dergo a sort of internal combustion. 
Among the latter are chloride of nitrogen, 
yun-cotton and nitroglycerine. 

If the explosive substances contain 
enough oxygen to form the constant pro- 
ducts of complete oxidation, it is easy to 
see beforehand what will be the composi- 
tion of the results of explosion. If, how- 
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ever, the quantity of oxygen is insufficient, 
the nature of the products vary according 
to the pressure, the temperature produc- 
ed, the mechanical work afforded, etc. 
These cannot be predetermined with cer- 
tainty, and must be ascertained by a 
special analysis for each condition of the 
reaction. For most explosives this is still 
unsolved. Until new investigations were 
made, the author adopted those results 
which seemed to him the simplest and 
in harmony with previous experiments. 
The amount of heat developed can be 
determined by experiment, or it may be 
calculated when the reactions that take 
place are exactly understood. The same 
is the case with the volume of gases (re- 
duced to 0 deg.C. and 760 mm. pressure). 
If the temperature of these gases is known 
at the instant of the explosion, and the 
law of pressure corresponding to a given 
temperature, the pressure produced may 
be calculated as soon as the explosive sub- 
stance is burned in a space of constant 
size, and consequently the pressure in a 
space of variable size, as is the case in the 
barrel of a gun. The calculation would 
be very easy if the gases followed Mar- 
riotte’s and Guy Lussac’s laws, and the 
specific heat was constant. Unfortunately 
these laws no longer hold true in the case 
of gases exposed to a pressure of thou- 
8 nds of atmospheres, as is the case where 
gunpowder explodes. Besides this, the 
specific heats of such gases are unknown, 
and, very probably, vary according to tem- 
perature and pressure. Nevertheless, in 
practice very often the pressure produced 
by various explosives is of great value to 
us. On this account the author, in order 
to be able to compare the different pres- 
sures, adopted those formed by burning 
equal weights of the exp!osives in spaces 
of equal capacity, and took the product of 
the (corrected) volume of the gases and of 
the heat given out. This product, of 
course, only measures the pressure at the 
beginning, yet it is obtained by means of 
two factors which may be determined by 
experiment. Dissociation must always be 
taken into account in the reactions attend- 
ing explosions. The decomposing influence 
of temperature may, possibly, be compen- 
sated for by the reverse influence of pres- 
sure. The dissociation not only affects 
the maximum power the powder is able to 
exert, but it also intervenes during the 
first period of confinement of the gases. 





Just in proportion as the gases from the 
powder expand and act on the projectile, 
their temperature diminishes; in conse- 
quence of this their elements unite into 
complexed compounds, and there is a 
fresh developement of heat. The pressure 
actually exerted is, therefore, always great- 
er than the pressure which can be calcu- 
lated from the amount of heat developed 
at the instant of highest temperature, but 
less than the pressure calculated accord- 
ing to the indications of the calorimeter. 
The amount of heat, and consequently the 
maximum of work which the powder can 
produce by ignition in a space of constant 
size, may be calculated independent of the 
result of dissociation, provided that the 
final temperature and the compound of 
the elements are correctly known. 

The heat produced by the formation of 
nitrate of potash (solid)=129,500 calor- 
ies; nitrate of soda (solid)—122,000 cal- 
orics. 

1. Rifle Powder.—The composition of 
common gunpowder varies within very 
narrow limits. As arule, it is divided into 
rifle powder, army and blasting powder. 
The first of these consists of 81.9 saltpetre, 
10.9 sulphur, and 7.9 pure charcoal. The 
decomposition may be represented by the 
following equation: 8KO, NO,-++-6S-+-13C 
=5KO,SO,+2K0,CO,4+-KS+-8N--11C0,. 

According to this equation, which agrees 
quite nearly with several analyses, one 
kilogram of powder gives, on burning, 
664,000 calorics, and forms 216 litres of 
permanent gases. The product of these 
two numbers is 139,000. In this formula, 
however, the volatilization of the salts is 
neglected. If Rumford is correct in sup- 
posing all the compounds to be gaseous 
for the first instant, then the volume in- 
creases to 306 litres. 

Gun Powder (composed of 78.7 salt- 
petre, 12.85 sulphur, and 8.55 charcoal) 
gives the following results when burned: 
8KO, NO,+-63S-++-15C—4KO,SO,+-22K0, 
CO,+1}{KS,-+-8N-+-11}C0,-+-3C0. 

According to this equation, one kilogram 
of powder produces 622,500 calorics and 
255 litres of permanent gases. The total 
volatilization of all compounds amounts to 
314 litres. 

Blasting Powder (consisting of 65 salt- 
petre, 20 sulphur, and 15 charcoal) forms 
the following: KO,NO,+-2S-++-4C—2C0O,-+- 
2CO-+-KS,--N. One kilogram of this pow- 
der produces 380,000 calorics, and forms 
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355 litres of gas, and supposing the volatil- 
ization of all the compounds, 426 litres. 
If a blasting powder contains an excess of 
charcoal, and in 100 parts has 64.5 of salt- 
petre, 10.5 sulphur, and 24.0 carbon, far 
more gas is prodneced than in other blast- 
ing powders, KO,NO,+S+6C—6C0O-+- 
KS-+-+-N. One kilogram generates 429,- 
400 calorics, and forms 510 litres of gases: 
with complete volatilization, 583 litres. 
The numbers presented furnish interest- 
ing comparisons between the effects that 
are produced by the different kinds of 
pywder. Supposing a powder burned in 
a space which it entirely fills, as is the case 
with a blasting charge or a gun load, the 
phenomenon of dislocation resulting chief- 
ly from the pressure at the beginning can 
be readily distinguished from the phenom- 
ena of projection resulting from the total 
work. The characteristic products, which. 
for a comparison of the pressure exerted, 
were supposed to be under the same con- 
ditions, gives the following values: 
Rifle powder 139.000 
Gun powder 140,000 
Blasting powder 135,000 
Blasting powder with excess of charcoal 219,000 
The first three give about the same dis- 
locating effects, while the powder with an 
excess of charcoal is by far more active. 
Yet ull these explanations are secondary 
to that of dissociation, by which the theo- 
retical initial force is diminished in an un- 
known ratio. The calculation of the heat 


generated in a constant volume, and con- | 


sequently of the maximum work, are total- 
ly independent of dissociation. The max- 
ium of work is proportional to the fol- 
lowing numbers (for one kilogram of pow- 
der): 

Rifle powder ..... Cccceccecceccecs 614,000 « 425 
OE ececetesnostenamaced 622,000 x 425 
Blasting powder........ ......... 380,000 « 425 
Blasting do. with excess of charcoal. 429,000 « 425 


In other words, hunting and army pow- 
der are far ahead of other kindsin regard 
to mechanical work, namely, when this 
work is limited to the power of communi- 
eating continual living force to a projectile | ponents, and the reaction begins in the 
by means of an internal pressure. If, on | chlorate at a lower temperature than in 
the contrary, the living force is communi- | the nitrate. All these combine to ignite 


cated gradually during the expansion of 
the gases, as, for example, in a gun, the 


| the chlorate powder. The chlorate pow- 
| der is not only more powerful and more 


powder is largely employed on the Isth- 
mus of Suez, and is more economical. Un- 
fortunately soda saltpetre is very hygros- 
copic, and the preservation of powder 
made with itis quite difficult. As the 
author says, it is very desirable to remove 
these difficulties, because this powder ex- 
erts a greater pressure than ordinary pow- 
der, and is able to perform more work. If 
a powder is prepared corresponding to the 
hunting powder above mentioned, the pro- 
duets of combustion are the following: 
8Na0.NO,+68-+13C=5Na0,SO;-+2Na0, 
CO,+NaS-+-8N-++11C0,. : 

A given quantity of this powder pro- 
duces nearly the same amount of heat as 
| the same quantity of potash powder, viz.: 
‘one kilogram gives 769,000 calorics and 

252 litres of gases; by complete volatiliza- 
| tion, 358 litres. These figures are only one- 
| fifth greater than those calculated for an 
| equal weight of potash powder. 

5. Chlorate of Potash Powder, consisting 
‘of 75 chlorate potash, 12.5 sulphur, and 
12.5 charcoal, is extremely explosive and 
grinding, and its manufacture is attended 
'with great danger. Its composition cor- 
‘responds to the following equation: 
| 8(KO,CIO, )+-48S+-10C=3KCl-++-480,-+-10 
CO. 

One kilogram of this powder produces 
| 972,000 calories and 318 litres of gas; by 
‘complete volatilization, 386 litres. The 
| product is 309,000. This value is far high- 
| er than the corresponding one with nitrate 
powder. The chlorate powder at the 
same time produces dislocation and pro- 
jectile effects far surpassing those obtain- 
ed by nitrate powder. The unusual ease 
with which the chlorate powder explodes 
on the slightest jar is a result of the great 
amount of heat developed by the burning 
of the least particle first ignited; this heat 
| raises the temperature of the neighboring 
particles as well in chlorate powder as in 
nitrate powder, and the reaction spreads 
much easier through the whole mass, The 
influence is just so much the more prom- 
inent the less the specific heat of the com- 








effects are more complicated, because here | readily explosive, but its action is far more 


come into play the phenomena of dissocia- 
tion, which we are nnable to follow. 


4. Powder made with soda saltpetre.—This 


|rapid. It is, ina word, grinding powder. 


Theory is able to account for this proper- 
ty. The compounds produced by the com- 
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bustion of chlorate powder are binary, 
and the simplest and most stable of all, 
such as chloride of potassium, carbonic 
oxide, and sulphurous acid. These com- 
pounds do not suffer less marked dissocia- 
tion nor at higher temperatures than more 
complicated compounds, like sulphate or 
carbonate of potash, or even carbonic acid, 
all of which are formed by the combustion 
of powder containing nitrates. 

6. Chloride of Nitrogen, as is well known, 
explodes by splitting up into its elements 
NCIl,—=N-++3Cl. One grain of chloride of 
nitrogen gives 316 calorics and 370 litres 
of gas; the product, 117,000, 7. ¢., a little 
less than common powder. 

7. Nitroglycerine.—The decomposition 
of this may be represented by the following 
formula: C,H,(NO,),0,—6CO,4-5HO+-3N 
+0. Nitroglycerine contains more oxy- 
gen than is necessary for the complete 
combustion of ‘its elements. Sometimes 
this oxygen goes to form nitric oxide. 
One kilogram of nitroglycerine furnishes 
710 litres of gas; one litre nitroglycerine 
(in consequence of its high specific grav- 
ity of 1.6) gives 1,135 litres. By equal 
weights nitroglycerine gives three and one- 


half times more gas than nitrate powder, 
and twice as much as chlorate powder. An 
equal volume produces six times as much 


gas as nitrate powder. The heat genera- 
ted by the combustion of one kilogram of 
nitroglycerine can be reckoned at 1,282 
000 calorics, and for one litre at 2,051,000. 
The product is 910,000, or seven times 
that of nitrate powder. For equal volumes 
nitroglycerine exerts a pressure ten times 
as great as common powder; the work 
may rise to 900 millimetre kilograms, con- 
sequently three times the value of the max- 
imum work that powder can afford. 
Practically these enormous figures are pro- 
bably never reached, chiefly in conse- 
quence of dissociation, but it is only ne- 
cessary to approach them in order to com- 
prehend how much more powerful nitro- 
glycerine is than any other explosive used 
in the arts. The shattering of wrought 
iron, an effect that gunpowder is not able 
to produce, proves the tremendous initial 
pressure exerted by nitroglycerine. 

If nitroglycerine is also grinding, it 
splits off rocks without shattering them in 
small pieces. This property may also be 
explained by dissociation; the elements 
of water and carbonic acid at first separ- 
ate, whereby the initial pressure is less- 
ened; the formation of water and carbonic 





acid which takes place during the expan- 
sion produces a fresh quantity of water, 
which regulates the removal of the pres- 
sure. Nitroglycerine acts, therefore, during 
the expansion of the gases, like ordinary 
powder, still with nitroglycerine the action 
of dissociation is weaker, because the 
compounds produced are more simple and 
the initial pressure weaker. 

In order to avoid the horrible actions 
following the jar of the liquid nitroglycer- 
ine, Nobel prefers dynamite. This pre- 
paration is, in fact, less grinding than ni- 
troglycerine, because the heat developed 
is divided between the products of explo- 
sion and the inert substance. The tem- 
perature does not rise so high, and conse- 
quently the initial pressure is weaker. 

Instead of the intensity of the action of 
nitroglycerine being lessened, it may be 
increased by the addition of certain sub- 
stances. The explosion, as above stated, 
leaves one equivalent of oxygen to be dis- 
posed of. This oxygen may be used to 
burn a smal] quantity of some combustible 
substance, for example, by the addition of 
4 per cent. of sulphur, 2 per cent. of al- 
cohol, or 1 per cent. of a hydrocarbon. In 
this way the amount of heat may be in- 
creased about 10 per cent. without essen- 
tially changing the volume of gas. 

8. Gun-Cotton.—Unlike nitroglycerine, 
this preparation does not contain oxygen 
enough for the complete combustion of 
the elements. For this reason the pro- 
ducts are of a very complicated kind, un- 
less saltpetre or chlorate of potash be add- 
ed to simplify the reaction. The author 
discusses the quite varying views of author- 
ities, and selects the following equation to 
express the reactions that take place when 
gun-cotton burns: 2C,,H,,O,.(NO,H)=7 
C,0,+12C,0, +2C,H, +-H-+- 3C,NH-+-9H, 
O,-+-5NO,-++-2N. 

These products by no means correspond 
to a total combustion, since there is a de- 
ficiency of oxygen. Therefore they vary 
according to the conditions under which 
the explosion takes place—temperature, 
pressure, mechanical effect, etc. One kil- 
ogram of gun-cotton produces 801 litres of 
gas and about 700,000 calorics, conse- 
quently a little more than ordinary pow- 
der, but far less than nitroglycerine. The 
product is 560,000. 

In order to attain the maximum effects, 
theory, in accord with the latest experi- 
ments, requires that it be compressed so 
asto reduce it to the smallest possible 
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volume. In this way the initial pressure 
is increased. To produce complete com- 
bustion of gun-cotton an oxidizing body 
may be added, for instance, saltpetre (54 
gun-cotton to 46 salpetre). A mixture of 
this kind corresponds to the following 
equation: C,,H,,0,,(NO,H)-+-43KO,NO, = 
43K0,CO,-+-192C0,4-15HO+93N. One 
kilogram of this mixture produces 484 
litres of gas, and supposing complete com- 
bustion, 534 litres. The heat generated, 
1,018,000 calorics. The product—492,000. 

Theory attributes no special advantage 
to the addition of saltpetre to gun-cotton, 
and in practice it would be very inconve- 
nient, and we should be compelled to be 
saving of gun-cotton. Experiments in- 
stituted with a mixture of gun-cotton and 
saltpetre conform tolerably to these views. 
An addition of chlorate of potash is more 
powerful, for though such a mixture yields 
the same quantity of gas, yet it develops 
a far greater quantity of heat, viz.: 1,446,- 
000 calories. 

9. Picrate of Potash (pure or mixed). 
Pure picrate of potash, under the influence 
of quite a high heat, explodes with vio- 
lence, but the quantity of oxygen is by no 
means sufficient to produce complete com- 
bustion, hence the necessity of mixing it 
with saltpetre or chlorate of potash. The 
fearful power of this mixture, called Bo- 
beuf powder, Designolle’s powder, and 
fountain powder, is well known. 

The products of pure picrate of potash 
are not yet well enough known. Our 
author accepts the following equation: C,, 


H,K(NO,),0,—KO,CO,+H,0,+9CO-LN, 
20 


These products vary according to the 
circumstances under which the explosion 
takes place, as is the case in,all mixtures 
where there is an insufficient supply of 
oxygen. According to the above equation 
one kilogram of picrate of potash pro- 
duces 585 litres of gas, and supposing the 
carbonate of potash to be entirely convert- 
ed into vapor, 627 litres. The heat pro- 
duced may be called 872,000.calories. The 
product —510,000. These numbers are in- 
termediate, those obtained by genera- 
tion and those obtained by a mixture 
of gun-cotton with saltpetre, and do not 
differ much from those of chlorate of pot- 
ash powder to which charcoal and sulphur 
are added, but they are far greater than 
those of ordinary powder. A mixture of 
50 per cent picrate of potash and 50 per 





cent. saltpetre gives C,,H,K(NO,),0,4-2% 
KO,NO,;—33KO,CO, +-82C0, +H O, +-53 
N. One kilogram of this powder yields 
337 litres gas, or, supposing complete vol- 
atilization, 413 litres. The heat developed 
is 957,000 calorics. 

Finally, a mixture of 50 per cent. pi- 
crate of potash and 50 per cent. chlorate of 
potash gives C,,H,K(NO,),0,+-24K0,CiO, 
=KO,CO,+24KCI+-11C0,+-H,0,-+-3N. 

The vo'ume of permanent gases is al- 
most identical with that obtained from the 
preceding mixture, but the heat generated 
is far more considerable, being about 1,- 
405,000 calorics. These values are much 
greater than those obtained from all other 
explosives, and are exceeded only by nitro- 
glycerine. The great preference given to 
this new powder in practice is perfectly 
in accord with theory. 

Heretofore the power and mechanical 
energy of different explosives was only as- 
certained empirically by comparing exper- 
iments. Berthelot is the first who has at- 
tempted to form comparisons theoretically. 
As shown, the theoretical deductions ac- 
cord in general with experiment. Hence 
we may use them as starting points, either 
to obtain the maximum effect of substances 
already known or to discover new explo- 
sive compounds, whose properties may be 
determined beforehand. 

The following table contains the numer- 
ica] results given in the treatise before us: 





Nature of the 
explosive. 


in 1 kilogram. 
Calories. 
generated. 

Cubic metres. 

two numbers, 


Volume of gas 


| 
| 
| 
| 


Quantity of heat 
| Products of the 





Rifle powder 

Gun powder 

Blisting powder 

Blasting, and excess of 
charcoal..... «.. 

Powder with soda salt- 

769,000 | 


972,000 
316,000 
1,282,000 
700,000 


1,018,000 | 


1,446,000 
Picrate of potash 872,000 
Do. with oe 66 957,000 
Do, with chlorate of 
1,405,000 


petre.....-.ee0-0 
Powder with chlor, of 
Chloride of nitrogen. . 
Nitroglycerine 
Gun cotton.... 
Gun do. mixed with 
salt petre 
Gun do. mixed with 


chi, pot....+...0. : 


560,000 
492 000 
700,000 
510,000 
323, 000 


474.000 
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ACCOUNT OF EXPERIMENTS UPON THE MECHANICAL EF- 
FICIENCY OF DIFFERENT FORMS OF PULLEY-BLOCK.* 


By ROBERT STAWELL BALL, A.M, M. RI, A. ® 


If a load R be raised by a pulley-block | overcome friction in the descent is not less 
on the application of the power P, the fol- | than 
lowing relation subsists between P and (nP-R RK. 


R:— P+R i. 
P=e+odR If this be } R, or if P | ——- 

a and b} are constant qualities to be deter- | ‘ F : 
mined by experiment for each form of the block cannot overrun. It is easily 
pulley-block. | verified that this condition is always satis- 
A series of loads R,, R., R,, etc., are | fied in the differential pulley. oR 


raised by the corresponding powers P,, On the other hand ifR! nP -RorP | — 
P,, P;, etc.; and we have ; ks 
the block will overrun. 


=! aa tin This is the case with the three-sheave 
P, =a+ 6K, block of Table II. 
etc. = etc. These results may be thus stated. Ife 


—§ , , 
From these equations a, b are to be de- | |" “the blocks will not overran ; if e } 
termined in the well-known manner. (See| , : . 
Appendix to “ Ball’s Experimental Mecha- | —- the block will overrun. 
a | The tables are constructed on a uni- 


If n be the number of feet through form plan. In the first column are found 
which the power must be exerted in order ' +14 numbers of the experiments. The 


to raise the load one foot, n is the velocity | ceccnd enataies the tends welted. The 





ratio. !third gives the corresponding observed 


di es ne gto ee adce ee a value of the power. The fourth gives the 

iwiding the load by the corresponding yalne of the power calculated from the 

Plt th fricti d ld formula. The fifth gives the difference 

b a. were no iriction,n and ¢ would between the calculated and observed 

ye lifferential pull —s | values as a means of judging of the cor- 
aiferential pulley examined 10 ' yectness of the formula employed. 

Table IIT. n = 16, this is found by trial: , ied 
to determine e, we have :— | Taste I.—Single Movable Pulley. 

Movable pulley of east iron 3 25 in. diameter, groove 

P = 3.87 + 0.1508 R. | 0.6 in. wide, wrought-iron axle 0 6 in. diameter: fixed 

If pulley of cast iron 5 in diameter, groove o< . — 

— ae wrought-iron axle, 0 6 in. diameter, axles oiled; flexible 

B = 260, P = 46.00. | plaited rope 0.25 in, diameter; velocity ratio 2, me- 

ee _ 280 = 6.07 | chanical efficiency 1 8, useful effect 90 per cent.; for- 

_—_ | mula, P = 2 21 + 0.5453 R. 


To raise 280 Ibs. 1 foot 46.09 Ibs. must | | 
‘be exerted over 16 fi. Thus 737.4 units | 
of work are required; of this amount only | 
280, that is, 38 per cent. is expended use- | 
fully. 
The differential pulley does not over- | 
run; why is this ? 
To raise R one foot, n P units of work 
are required, of which » P — Rare ex- | 
pended upon friction. Let P be removed. | 
The friction is not diminished in a greater | 
ratio than that of RtoP +R. Hence, 
the number of units of work necessary to | 


power 


power 
Difference of the 
calculated values, 
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Number of 
Experiment. 
Load in Ibe, 
Observed 

in lbs. 
Calculated 
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EXPERIMENTS ON PULLEY-BLOCKS. 





Tanir IL. —Three-Sheave Pulley-B'oels. Taste V.—Moore’s Patent Pu'ley- Block. 


Shevves cast iron, 2.5 in. diameter : plaited rope 0.25 Size adapted for lifting 10 ewt. ; velocity ratio 31 6 ; ie 
in. diameter ; velocity ratio 6 ; mechanical rey [hy mechanical efficiency 10.4; percentage of useful effect 
useful effect 67 per cent; formula, P=2 36 + 0. 238 R. 30; formula, P = 3.0 + 0.0805 R. 





| 
| 
| 


power 
power 


d power 
P. 
power 


Calculated 


in lbs. 


R. 


Load in lbs, 


r 
| 
| 
| 


R. 


Load in Ibs, 


Difference of the 
lculated 


calculated values. 
in lbs. 


Difference of the 
observed and 
calculated values. 


Observed 


in lbs. 


Number of 
Experiment, 

Observe 

in lbs, 
Number of 
Experiment. 
a 








| 


15.5 
29.5 
43 5 
56 0 
70 0 69 2 
83.0 82 

97 0 6 

109.0 109 +0.§ 


eects - g 511 
Tasie LLL.—The Differentinl Pwley Block 567 


8.1 
12.6 
17.1 
216 
26.1 
30 30 6 
35 35.1 
40 39.7 
4t | 445 
49 48 6 


| 
32 | 
l 




















Circumference of large groove 11.84 in, of small | — Se a 


groove 10.36 in.; velocity ratio 16: mechanical efficiency i 

6.07; useful effect 38 per cent.; formula P = 3.87 + Taste VI.—Moore and Meads Patent Han’-'wist. 

eet 

noe R. ee a Velocity ratio 5.16; mechanic:! efficiency 4.2; per- 
centage of useful effect 81; formula, P = 0.6 + 0 232 
R 


| 


Number | R. 
Observed 
of | Load power in lbs.! 
| 


power 
| 

power | 

| 


P. 
Calculated 
power in Ibs, 


P. 
Calculated 


in lbs. 


experiment.) in Ibs, 
| 





Difference of the 
observed and 
calculated value, 


Observed 


Load in Ibs. 
in lbs. 


Number of 
Experiment, 


15 
28 
41 
54 





10 1253 
20 20.8 
81 29 2 
38 37.7 
48 46 1 
54 54.6 
64 63.1 
72 


72 71,5 


@ wv 
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ie manufacture of hoop iron is fast 
80 80 0 getting to bea specialty, limited to 
86 83.4 those who make no other kind of iron, 

: roll trains being adapted to speed and 
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ane IV, Epicyeloidal Pulley-Block. constructed with a view solely to this 
Size adapted for lifting weights up to 5 ewt ; velocity purpose. The rolls are turned so that 
- ia, PO TRO Re useful effec: 40 per! the iron can be rapidly reduced and 
= - greater quantity produced with better 
finish, while very strict attention is given 

to the selection of metals for mixture. 
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power 
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P. 
Calculated 


in lbs. 


Difference of the 
observed and 
calculated values. 


Number of 
Experiment. 
Load in Ibs. 


i ie New Fortirications at Srraspure. — 
Strasburg, according to German jonr- 
nals, is to be surrounded by a girdle of 18 
forts, at an average distance of about 1 
German mile from the enceinte of the town. 
Five of those forts to the north-west of 
the city will be first built. Their con- 
struction has been undertaken by various 
companies of contractors, and are to be 
completed by the lst April, 1875. 
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THE MANUFACTURE AND WEAR OF RAILS.* 


By CHRISTER PETER SANDBERG. 


In these times, when communication is 
carried on chiefly by means of railways, 
it becomes important to determine the 
best mode of manufacturing railway bars, 
so as to obtain the greatest amount of 
wear with the least possible cost. As this 
question is one of increasing interest, the 
author has thought that it might be pro- 
fitable to communicate to the members of 
the Institution of Civil Engineers the ex- 
perience which he has gained during the 
last nine or ten years, whilst engaged in 
superintending the supply of rails for the 
Governments of Sweden, Norway, and 
Denmark. 

The paper will treat, first, of the best 
method of manufacturing rails out of 
common iron, and of their capacity to 
resist wear; secondly, of the disposal of 
the iron rails when they are worn out; 
and thirdly, of the conditions under which 
either iron and steel, or a combination of 
both, may be the most economical mate- 
rial for the construction of rails. 


The mode of manufacturing rails for 
the Swedish railways, as carried out in 
Wales, between the years 1856 and 1860, 
consisted in hammering the pile for the 
top slab after the first welding heat, and 


in rolling it after the second heat. It 
was supposed that hammering would pro- 
duce a superior weld and a harder wear- 
ing surface than could be obtained by 
rolling alone. This method of hammer- 
ing was, however, gradually superseded 
by thut of rolling at other worksin Wales, 
during the period referred to. As the 
operation of hammering the slab after the 
first welding heat entailed an additional 
charge of 20s. per ton, it became the duty 
of the Swedish Government to determine, 
by practical trials, whether the value of 
the finished rail was correspondingly in- 
creased. With this view, several experi- 
mental rails were rolled, and arrange- 
ments were made for putting them down 
on some of the English lines, in such 
situations as would expose them to severe 
wear. The expeiiments further aimed at 
discovering, if possible, how long the rails 
manufactured at the Cwm Avon Works, 
in South Wales, and imported into Swe- 





* From a paper read before the Institution of Civil Engineers, 








den, would resist the traffic in that coun- 
try. 

Five different kinds of “ piles” were em- 
ployed; twenty rails, of a flange section, 
4} in. deep, and weighing 62 lbs. per 
yard, being rolled of each particular sort. 

The mode of manufacture was as fol- 
lows: 

The rails subsequently noticed in this 
paper as those marked T were made from 
a pile formed of No. 2, or welded iron, for 
the top and bottom, the rest of the pile 
being of No. 1 puddled bar iron. The 
top slab and the squares next to 1t were 
made from a hammered bloom of ordi- 
nary puddled bars, and the remainder was 
filled in at the middle with crop ends from 
top slabs, and with other pieces of No. 2 
iron. 

The rails marked y were made from a 
pile of the same composition as that of 
the T rails, with the sole difference that 
the pile for the top slab consisted of pud- 
dled bars, without any welded iron pieces 
or crop ends being introduced in the 
middle of the pile. 

The pile for the rails marked H was 
composed of a top slab made from pud- 
dled bars, hammered after the first heat, 
and rolled after the second heat, similar 
to the rails marked y, the iron for the 
flange consisting of four pieces instead of 
eight. 

The pile for the rails marked E was 
exactly similar to that for the rails marked 
H, excepting only that the pile for the 
top slabs was rolled after the first heat, 
as well as after the second heat. This 
difference in the mode of manufacture 
was adopted in order to discover whether 
the process of hammering when applied 
to this common iron improved the rail to 
a corresponding extent. Instead of No. 
2 iron, puddled bars were chiefly used for 
the squares near the slab, and for the fuot 
of the rail. 

The pile for the rails marked N con- 
sisted of puddled bars, without any tup 
slab. 

All the piles passed through the rolling 
successfully, with the exception of the N 
rails, some of which showed cracks, owing 
- the inferior quality of the puddled 

ar. 
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The London and North Western Rail- | 
way Company, being interested in the. 
solution of this problem, allowed experi- | 
ments to be made on their line, so far as | 
the wear of these experimental rails was 
concerned. The experiments were car-. 
ried out at Camden Town Station, where 
the rails could be sooner and more thor- 
oughly tried than elsewhere; first, on 
account of the enormous traffic which 
obtains at that spot; secondly, from the 
constant shunting; and, thirdly, owing to 
the grinding action of the e:gine wheels 
in starting the trains. 

The result of these experiments is 
shown in a series of tables, drawn up by | 
Mr. H. Woodhouse, Superintendent of | 
Permanent Way. 

The following table, deduced from Mr. 
Woodhouse’s report, shows the number 
of tons passed over each kind of ex- | 
perimental rail before it was crushed, | 





and also before the rails were taken 
out. é 


Mark of Rail. | Crushed. | Worn out. 


Tons. | 
3,680,000 
4,140,000 
8,220,000 
6,90",000 
3,220,000 


Tons, 
5,060,000 
5,290,000 
5 06 ',000 
8,970,000 
5,520,000 





Another table, calculated from the pre- 
ceding one, shows how long tie rails will 
last, supposing them to be passed over by 
three thousand trains yearly, each train 
being composed of an engine weighing 30 
tons, and of 20 wagons of 10 tons each, or 
a gross load of 230 tons. 

From these tables, it was ascertained 
that the five different descriptions of rails 
were on the average crushed in 6 years, 
and worn out in 9 years, thus: 








T | Y | 


E 





| j i| 
Crushed. Worn out.| Crushed. Worn out | Crushed. | 
} } | 


| Years, 





Years, Years, 


Years. 
5 7 5 


Years, 
7 5 


| 

As the object of these experiments was 
chiefly to ascertain the difference between 
a rolled and hammered slab, both made 
from inferior iron (E representing the 
tormer, and H tie latter), these two kinds 
of rails were placed on the same line so as 
to compare their relative merits ; and the 
result shows the E rail, with the rolled 
slab, to be superior at each of the.8 places 
where the rails were tested. 

The conclusion thus arrived at is, that 
hammering after the first welding heat, 
for this particular kind of iron, does not 
improve the enduring quality of the rails; 
but that rolling, which is the simplest 
inude of manufacture, has also the mate- 
rial advantage of being the best. These 
trials at the same time establish the fact, 
that it is not the wear or the diminished 
sectional area caused by abrasion, which 
produces the unsatisfactory results in the | 
endurance of iron rails, but that it is the | 
lamination caused by imperfect welding, 
and discovered by the repeated blows of | 
the wheels in travelling at high speed. | 


This explains the great difference some- | 


Crushed, Worn out. |'Crushed™ Worn out. 


| 
Years. || Years 
ee 


Years. 
8 


Years, 


10 





times exhibited in the wear of rails made 
in exactly the same way, but the welding 
in the one case being perfect, whilst in the 
other it has been very imperfect. 

The results obtained at the Camden 
Town Station, however, are not applicable 
to the circumstances and conditions of 
the wear of rails under ordinary traffic ; 
but rather to exceptional situations, where 
the wear is occasioned principally by the 
frequent use of the brakes, and by con- 
tinusl shunting, in a much higher degree 
than at any other point of the line. These 
results may also be attributed in part to 
the great weight of the locomotives, in 


| proportion to the weight of this particular 


section of rail. 
Rails of similar quality of iron to those 
marked E, have been tried on the Great 


| Northern Railway, and have lasted during 


the passage of about 65,000 trains, of a 
tutal aggregate weight of 13,000,000 tons, 


one-fourth part of this traffic being at a 


speed of about 40 English miles per hour, 
and the remaining three-fourths at 15 miles 
per hour. 
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These experiments on the Great North- 
ern Railway confirm the rule laid down in 
Mr. R. Price Williams’s paper, “On the 
Maintenance of Permanent Way,”* viz., 
that the endurance of rails may be meas- 
ured by the product of the speed and the 
passing weight. The trial-rails on the 
Great Northern Railway may thus be said 
to have borne 276,000,000 tons at a 
speed of 1 mile per hour. On the other 
hand, the Author’s experiments at Cam- 
den Town, being made under unusual 
conditions of wear, do not bear out this 
rule ; the endurance of these rails being 
represented by only 120,000,000 tons at a 
speed of 1 mile per hour. 

Another method of arriving at an opin- 
ion as to the endurance of these rails may 
be found in the renewals which have been 
made on the Swedish State lines where 
these rails have been laid down. The 
present experience extends over a period 
of 9 years on portions of the most severe- 
ly-worked lines, namely, at Gottenburg 
and Malmo ; and also during a period of 
6 years over the whole system. The re- 
newals on the main lines have been in an 
increasing proportion, being in one case 
30 or 40 per cent. higher than in the pre- 
ceding year; and a mean calculation gives 
the probable result that, taking the last 
renewals of the rails laid down on the 
construction of the lines at about 18 years 
from the commencement, the average life 
of the rails may be taken at 15 years. 

The weight which would pass over the 
rails during these 15 years, judging from 
the reports contained in the annual ac- 
counts of the Swedish Government Rail- 
way Administration as to the traffic-re- 
turns of all the State lines during the years 
1862 to 1865, may be assumed to be a 
yearly increase, in the gross load, of only 
15 per cent. per mile, after the year 1865. 
The yearly increase, however, of trans- 
ported goods, on the lines nearest Gotten- 
burg since 1862, has amounted to 30 per 
cent., and near Malmé to 18 per cent. 
Further, supposing the same proportion 
to exist between the gross and the net 
loads for the year 1865, it may be taken 
at about 6,000,000 tons—a quantity which 
agrees with the results obtained on the 
English lines, giv ng for the life of the best 
of the 3 first sorts of rails, the same aver- 
age life as that of the E rails. This appa- 





* Vide Minutes of Proceedings Inst, C. E., vol. xxv., p. 353. 





rently tends to confirm the correctness of 
the theory, that the life of rails may be 
measured by the product of the weight and 
the speed. 

The rails used on the Swedish lines are 
mostly of the E or rolled class before men- 
tioned. Those tried on the Great Northern 
Railway were also of that kind of manufac- 
ture, butof a heavier section. The speed at 
which the load was carried over the experi- 
mental rails on the Great Northern Rail- 
way was much higher than on the Swedish 
lines, being in the proportion of 20 miles 
on the Great Northern, to 16 miles average 
speed on the Swedish railways. 

The conclusions which the Author has 
arrived at are, that no rule can be laid 
down for the manufacture of rails which 
will be applicable to every manufacturing 
district; but that in the case of Welsh iron, 
to which he has more particularly referred, 
it has been proved that the best method 
of manufacturing the rail is that now most 
commonly practised, viz., rolling the iron 
into bars, piling them, and then repeatedly 
roliing the pile to the finished rail, without 
hammering. The Author assumes that the 
prejudicial results from hammering is 
owing to the amount of sulphur present 
in the Welsh iron. Where the iron con- 
tains more phosphorus, and less sulphur, 
as, for instance, in the Cleveland, Belgian, 
and French iron-districts, hammering has 
proved beneficial, and top slabs have been 
made direct from puddled balls, with- 
out the intermediate process of piling— 
this being, in fact, the method generally 
adopted in those places, and being found 
to answer best. 

These experiments seem to indicate 
that 220,000,000 tons may be carried 
over rails, of the section and make refer- 
red to, at a speed of 1 mile per hour ; so 
that any railway company, knowing the 
load which passes annually over their line 
and the speed of the trains, may, by mul- 
tiplying the one into the other, and divid- 
ing 220,000,000 by this product, ascertain 
the life of iron rails in years. 

With respect to the disposal of the rails 
when worn out, and to the possibility of 
re-rolling old rails with advantage by rail- 
way companies located ata distance from 
rail-making districts, the author thinks 
that for railways near the seat of rail 
manufacture, their best course will be to 
continue to dispose of the old rails to the 
rail mills ; but for other countries, situa- 
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ted like Sweden, Russia, and America, it 
becomes important to ascertain whether 
it would not be more advantageous to re- 
roll them on the spot. 

The increasing traffic, and the augment- 
ed speed of trains, together with the 
heavier engines now found desirable, have 
all a tendency to induce more severe wear, 
and to render necessary more frequent 
renewals of the rails. These renewals are 
executed with more and more difficulty, 
as the greater number of trains limits the 
time at disposal, whilst the stoppage of 
the traffic thus occasioned often results in 
accidents. These considerations, together 
with the recurring expenses of renewals, 
have conduced to the employment of steel, 
which, as a more durable material for rails, 
is already much used. This material has 
been employed either for the entire rail, 
or for the upper portion only, the steel 
top in the latter case being welded on to 
an iron rail. 

In the case of rails with steel-tops, 
either the head has been entirely formed 
of steel, or the upper surface only has 
been covered with a thinner or thicker 
top slab, giving, say 4 in. of thickness in 
the rail. The top slab has been different- 
ly applied to the rail according to the dif- 
ferent methods used for forming the pile; 
so that it has either lain flat over the 
wearing part of the rail head, or has 
spanned the mass of iron with its exterior 
edges, thus fixing the steel without refer- 
ence to the weld ;—it has, in fact, been 
partly mechanically fastened to it. 

The use of steel rails has much increas- 
ed in England, and many railway com- 
panies are introducing them as rapidly as 
their financial circumstances will allow. 

The existence of a cheap raw material, 
in the shape of old rails, and the process 
of re-rolling them together with Bessemer 
steel-tops, affords an opening for carrying 
out tue manufacture of rails profitably for 
railway companies far removed from the 
seat of manufacture even when exposed 
to foreign competition. Ifsuch re-rolling 
were carried out in Sweden, instead of 
selling the worn-out iron rails in England, 
the expense of freight to and fro would 
be saved; and this may be reckoned at £2 
per ton. The necessary cost of coal would 
not increase the price of rails more than 
about 10s. per ton for re-rolling rails in 
Sweden. 

The question is thus reduced to an in- 





quiry, whether the increased cost of 
manufacture due to the smallness of the 
quantity to be made, would amount to, 
or exceed, the remaining part of the dif- 
ference of the freight, viz., £1 10s. per ton. 
If so, it would then be useless to attempt 
the establishment of a manufacture of 
rails, either by private capitalists or by 
the Government in connection with other 
workshops for the repair and renewal of 
railway materials of different kinds, such 
as engines, axles, wheels, ete. 

An estimate has been made of the cost 
of manufacturing rails in Sweden, com- 
posed of Swedish Bessemer steel for the 
head, No. 2 iron for the flange, or foot, 
and with the remainder of the pile coim- 
posed of old iron rails. The rails are of 
the Vignoles section, weighing 66 lbs. per 
yard. 

From these calculations it is shown :— 

Ist. That according to Plan A, with the 
whole head of Bessemer steel, the cost per 
ton on an annual make of 10,000 tons is 
£8 12s. 1d.; and, 2dly, according to Plan 
B, with the top or wearing surface of the 
rail only of Bessemer steel, the cost per 
ton on an annual make of 6,000 tons is 
£3 6s. 8d. 

It therefore follows that the difference 
between these amounts and £10, the low- 
est price at which such rails can at pres- 
ent be imported into Sweden from Eng- 
land, viz., £1 7s. 11d. by Plan A, and £1 
13s. 4d. by Plan B, respectively represents 
the net profit to be derived from the 
transfer of re-rolling operations to Swe- 
den. In other words, providing this cal- 
culation is not too low, this represents in 
the first case 16 per cent., and in the se- 
cond case about 20 per cent., of the whole 
cost of production. 

In England, the London and North 
Western and the Great Western Railway 
Companies are re-rolling the worn-out 
rails at their own workshops, where the 
repairs of other railway materials are also 
executed, and at both these places Besse- 
mer steel has been used for the head of 
the rails. The other English Railway 
Companies are selling their worn-out rails, 
as there is sufficient competition to pre- 
vent them being sold below their value. 

There is only one railway company in 
France which has works for re-rolling the 
worn-out rails; and in Belgium and Prus- 
sia there are none, the rails being sold to 
the private rail-mills in the respective 
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countries, and being used in connection 
with other iron for rail-manufacture. 

In Austria, the State railways are car- 
rying out the re-rolling of rails at their 
own workshops at Griitz, while the making 
of axles and tyres is performed at the State 
workshop at Neuberg. 

In Russia, the rolling of the rails is ex- 
ecuted at a workshop near St. Petersburg, 
altered for the purpose by a private com- 
pany. The side irons and top slabs are 
usually of English manufacture, but some- 
times the top slabs are made at home from 
scrap iron. English fuel is used. The 
Petersburg and Moscow Railway receive 
in exchange for their old rails three- 
quarters of the weight in new rails, and 
pay a certain sum, according to the specifi- 
cation, for each weight of rails received. 
By the other great Russian railway the 
old rails were at first sent to England; but 
for some time a private iron-work near St. 
Petersburg, called Ugareff, has carried on 
the re-rolling, on the following conditions: 
—The railway company finds 1 ton of old 
rails, and receives 1 ton of new rails, and 
pays £7 14s. per ton, but has then a 
guarantee for five years. 

Having cited the case of Swedish rail- 
ways, to show how far the process of re- 
rolling old rails may be profitably carried 
out, similar considerations may be applied 
to other railways in like circumstances, as 
in the British colonies and in the coun- 
tries round the Mediterranean. The special 
conditions being different in each instance. 
it becomes difficult, if not impossible, to 
give an example that would suit every 
case. The principle laid down may, how- 
ever, be useful as a guide as to what is to 
be done with the rails when worn out. 

Passing to the third subject proposed 
for discussion in this Paper, the Author 
will endeavor to determine under what 
conditions it becomes u ost economical to 
employ either iren or st«el, or a combina- 
tion of these two materials, in the con- 
struction of rails. 

In the following calculation it is assum- 
ed that, under a very heavy traffic, com- 
mon iron rails will last 5 years, steel- 
headed rails 15 years, and solid steel rails 
30 years; that the iron rails cost £7 per 
ton, steel-headed rails £10 per ton, and 
solid steel rails £15 per ton; and that the 
old steel-headed and iron rails are valued 


| as long as ordinary iron rails— 





per yard, 250 tons of rails will be required 
for 1 mile of double line, and the cost of 
laying the rails may be estimated at £1 
per ton. The following example on iron 
rails lasting 5 years, will serve to explain 
the way in which the subsequent Annuity 
Tables have been calculated :* 


250 tons, at £7 per ton 
Cost of laying down 


a ss 
1,750 0 0 
250 0 0 


£2,000 0 0 


Which sum, at the end of 5 ycars, at 5 
per cent. compound interest, becomes £2,- 
552. The difference between this sum (viz., 
£2,552) and the value of the old rails (250 
tons, at £4 per ton=£1,000) is £1,552. 
On referring to the Appendix (p. 22), it 
will be found, by the use of Table No. 2, 
that the annuity required to recoup this 
latter sum in 5 years is £280. 


Annuity TaBie No. 1. 


For one English mile of double line, interest being 
reckoned at 5 per cent., and steel-headed rails being cal- 
culated to last three times and solid steel rails six times 


The Annuity would be for 
Where Iron |_ 

Rails last | | 
Iron Rails, |Steel-headed Rails 


Solid Steel Rails. 





£ 

587 
417 
332 
280 
179 
134 
130 


£ 
B95 
307 
247 
218 
163 
148 
140 


Years. 
2 


3 


4 
5 
i 
20 














It may be objected that the prices quot- 
ed for solid steel rails in the foregoing 
calculations are too high. Rails of this 
kind have lately been sold in some dis- 
tricts as low as £12 per ton,t but for the 
very best quality of rails, such as those on 
which the experiments were made, the 
price was £15 per ton at the time they 
were manufactured. Table No. 2 has, 
therefore, been calculated for the different 
kinds and periods at the following prices, 
viz., iron rails at £6, steel-headed rails at 
£9, and solid steel rails at £12 per ton, 
crediting the old iron and steel-headed 
rails at £3 per ton, and the solid steel 
rails at £5 per ton. 





* It should here be remarked that the Author uses the term 
“annuity” to denote that amount of capital which, put out 


at £4 per ton, and the old solid steel at | annually at compound interest at a certaia rate, would in a 


£8 per ton. With a rail section of 84 tbs. 


| 


given time accumulate to a given amount. 


+t March, 1568 
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Annutty TasiEe No, 2, 





| The Annuity would be for 
Where Iron 
Rails last 





| | 
Iron Rails. jsteel-headed Raiis § lid Steel Rai's. 





| g 
288 
233 
230 
174 
168 
| 163 
126 150 


£ 
574 
404 
319 | 23. 

268 H | 
166 
133 
117 


2 
3 
4 
5 
10 
15 
20 








This Table shows that solid steel rails 
are the cheapest up to 10 years’ wear of 
iron rails; that steel-headed rails are 
cheapest for between 10 and 20 years; and 
that iron rails are cheapest when they last 
20 years or more. 

The amount of traffic must, therefore, 
decide which material it is the most eco- 
nomical to use for the maintenance of the 
permanent way. ‘For all railways where 
ordinary iron rails are worn out in 5 years, 
or in a shorter time, solid steel rails are 


the most economical, even at the price | 


quoted in Table No. 1; but where ordina- 
ry iron rails last over 10 and up to 15 
years, steel-headed rails would be the 
cheapest; iron rails in these cases being 
clearly proved to be the most expensive, al- 
though the cheapest where they last from 
15 to 20 years and upwards. 

As these calculations are founded on the 
short experience gained up to the present 
time, in reference totherelative endurance 
of the different kinds of rails, a still longer 
trial is desirable. 

The foregoing Tables refer to rails 
of the Vigneles section. Table No. 3 has 


Awnourty Taste No. 3. 


The Annuity would be for 


Where Iron 
Rails last 





Iron Rails, Steel-headed Rails| Solid Steel Rails. 





£ | 
780 | 
551 
436 
366 
229 
183 
163 


s 
379 
291 
244 
233 
177 
166 
162 


£ 


249 
228 


219 
199 


| 
| 
| 











been calculated for the ordinary double- 
headed rail, according to the prices stated, 


Vou. VII.—No. 1—6 


| the considerations being the same as in 
|Table No. 2, except that the chairs have 
been taken into account. Allowance has 
| been made for 140 tons of new chairs per 
| milé} at £5 per ton, credit being given for 
| the value of the old chairs at £2 10s. per 
‘ton. It maybe observed that steel head- 
| ed rails are here estimated to last 4 times, 
‘and solid steel rails 8 times, as long as 
| ordinary iron rails, that is, making allow- 
'ance for the use of both faces of each rail. 
Chis Table indicates that the iron rails 
are in no instance the cheapest; but that, 
on the contrary, when iron rails last only 
up to 5 years, solid steel rails have the ad- 
vantage; and when the iron rails have a 
longer duration, then steel-headed rails 
are the most economical. 

The experience of the durability of the 
steel-headed rail and of the solid steel 
rail may not agree with individual cases 
of failure, where, in consequence of defec- 
tive welding, the steel head has come off, 
or where the solid steel rail has broken. 
At the same time, it must be admitted that 
the process of steel making, and of weld- 
ing the steel slab to the rail, is, at present, 
in its infancy, so that great progress may 
yet be expected. The principle ought not 
to be condemned on account of individual 
failures. ’ 

It is to be hoped that Railway Compan- 
ies having a heavy traffic will give due at- 
tention to the relative merits of the dif- 
ferent sorts of rails, and submit them to 
trials on a large scale; and, on the other 
hand, that the steel works will strenuously 
endeavor to manufacture solid steel, as 
well as steel-headed rails, of the best kind 
for the purpose, so that this important 
question may soon be decided. 

Before concluding, another subject must 
be taken into consideration, viz., the man- 
ner in which the safety of the permanent 
way constructed of the three different 
kinds of rail is affected by high speeds, 
severe climate, ete. 

This subject seems of late to have en- 
gaged the attention of the railway world, 
and has been discussed, not only in Eng- 
land, but on the Continent. The Swed- 
ish Government, having undertaken the 
construction of railways, appointed a Com- 
mittee, composed of many eminent men, 
to consider the subject. This Committee 
| found it necessary to make experiments 
| with different materials from €nglend and 

Germany as well as from Sweden; and, 
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after 5 years’ consideration and study, the 
report has just been published by Profes- 
sor Styffe, the Director of the Royal Tech- 
nological Institute at Stockholm. 

From this report, it appears that the 
extensibility and tensile strength of differ- 
ent materials are influenced by the amount 
of carbon which they contain. 


Tue Extenstsiuiry influenced by Carson. 





Extension 
per Cent. 


Carbon 
per Cent. 


| | 


Description of Materials. 





Swedish Bessemer steel and 
Uchatius steel 
For cast steel 


|1.85to1 0 
0.69 ** 0.61 
0.42 ** 0.33 

Spec, Grav. | 

Tron from lake ores (rich in | 

phosphorus)............ 

Iron from Dudley (rich in 

slag and phosphorus) .... 

Iron from Middlesbro’-on- 


2.542 
3.4 “5.9 
| 6.19.5 





Swedish iron made in the 


** Lancashire hearth”, .. 7.8 *7.8 





Tue Tevsttz StreNGTH influenced by Carron. 





Breaking Load 
in lbs, 


per Sq. Inch. 


Carbon 


Description of Materials. per Cext. 


4 
Swedish charcoal puddled 


lron re 
Swedish charcoal puddled| 





113,381 


84,265 
90,921 
86,941 
71,090 
48,102 
83,441 
83,716 
73,492 
82,344 
78,432 
86,049 


Bessemer iron... . 
puddled iron 
“ 


om 6 


ocococoso 


“oe 
“ 
se 











These Tables show that the hardest 
material has the greatest tensile strength, 
but that it has the least ductility; while, 
on the other hand, a softer material shows 
a greater amount of extension. 

The limit for the amount of carbon 
seems to be for the Bessemer material 1.2 
to 1.5 per cent. With a larger amount, 
the tensile strength, as well as the exten- 
sibility, has been found to decrease. When 
the amount of carbon does not exceed 0.4 
per cent., and the material is not worked 
at too low a heat, the elongation seems to 
be 16 per cent., or the same as for puddled 





iron from the same pig iron; and, as such 
Bessemer material is not only much 
stronger, but also more solid or homoge- 
neous than the puddled material, it de- 
serves a decided preference for all railway 
purposes. The few cases of failures of 
rails by breaking may be accounted for 
as the result of too hard a material, not 
perfectly manufactured; having been made 
at the earlier period of the introduction 
of the process. The experience which 
has now been gained should certainly pre- 
vent any recurrence of such exceptional 
cases. 

Experiments on the tensile strength of 
iron and steel under the influence of ex- 
treme temperatures (as at 212 deg. and 
—40 deg. Fahr.), have led Mr. Styffe to the 
conclusion (contrary to the general belief) 
that the tensile strength is greater during 
cold than under ordinary temperatures; 
that is, iron or steel is stronger in winter 
than in summer. The reason why more 
breakages occur in winter than in summer 
is asserted to be due to the extreme cold 
renderirg the ballast and sleepers rigid; 
and, therefore, elasticity given to the roll- 
ing stock, in any way, favorably affects 
the resistance of the rails. 

If, however, the supports have the same 
elasticity in summer as in winter, as would 
be the case, for instance, with a granite 
rock, Mr. Styffe asserts that the same rails, 
either of iron or of steel, can resist a‘ heavier 
blow from a falling ball at an extremely 
low temperature than on a hot summer's 
day. Although the experiments have been 
conducted with the utmost care and skill 
that science and money can afford, it 
seems to the Author desirable that this 
theory should be examined on a larger 
scale than Mr. Styffe has had an opportu- 
nity of doing before it can be relied 
upon.* 

At a meeting of Engineers at Stock- 
holm in March, 1867, it was decided that 
Bessemer steel rails, made from charcoal 
pig iron, might, without risk, be used 10 
per cent. lighter than the English iron 





* Since this Paper was read, the Author has had the oppor- 
tunity of conducting some experiments on iron rails, in 
Sweden, by exposing them at different temperatures to the 
impact of a falling ball; and the results of these experiments 
show that, on an average, the stre:.gth of a rail in winter is 
not more than one-fourth of the strength exhibited by the 
same barin summer. The Author has given an account of 
these investigations in an Appendix to the following work :— 
“The Elasticity, Extensibility, and Tensile Strength of Iron 
and Steel.” By Knut Stytfe, translated from the Swedish, 
with an original Appendix, by Christer P. Sandberg; with a 
Preface by John Percy, M. D., F. R. 5, London, 1869, 
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rails; and in Austria this decision has al- 
ready been acted upon with success by 
the Engineer-in- Chief, Wéhler. 

It must, however, be observed, that the 
raw material used in both cases is char- 
coal pig iron of a superior quality as com- 
pared with that used in England for 
making Bessemer rails, which may be 
seen from the following analyses made by 
two eminent chemists. 


Bessemer Swedish Pig Iron, English Bessemer hematite 
Fagersta Works. Pig Iron, Analyzed by 
Analyzed by Kohlberg. John Percy. 





Per Cent. Per Cent. 


Graphite. 2.733 Carbon. 2.993 


Combined carbon... 2.138 Silicon..... ..... 3.080 
Silicon 0.641 Manganese 0 079 
Manganese......-.. 2 926 Sulphur 
Sulphur 0 015 Phosphorus 
Phosphorus 0.026 

| 





These analyses show that the great dif- 
ference between the two kinds of iron is 
the larger percentage of silicon in the 
English, and of manganese in the Swedish 
pig iron ; thus explaining why the one 
gives a better result than the other, al- 
though worked entirely without the ad- 
dition of spiegeleisen. 

If there be only 0.6 per cent. of carbon 
in the solid steel, and 0.3 per cent. in 
the steel for the steel head, the safety 
ought to be the same for all the three 
kinds ; and this would not influence the 
former calculations as to which is the 
best and most economical material for 
rails. 

Having watched the development of the 
Bessemer process in England, as well as 
on the Continent, the Author believes that 
in that process a good and pure raw ma- 
terial has a greater advantage over an in- 
ferior one than in other processes ; and 
that a superior product cannot be obtain- 
ed from an inferior raw material by that 
method any more than by others. Indeed, 
a& purer raw material is needed for the 
Bessemer process, as the phosphorus is 
not eliminated by that method of treat- 
ment as it is by puddling. In having 
mentioned Swedish material, as an exam- 
ple, it must not be supposed that it is 
wished to advocate the use of Swedish 
iron in this country, but simply to draw 
attention to the better material; as equal- 
ly good charcoal iron can be supplied 
from Canada and India, both English 





colonies. It may also be remarked, that 
the Author’s endeavor has been to arrive 
at the truth irrespective of prejudice, 
and that he has no wish to be deemed an 
advocate for one kind of rail more than 
another. 

Mr. Sandberg said, that when this sub- 
ject was brought before the Institution 
two years ago by Mr. R. Price Williams, 
few railway companies had adopted steel 
rails; but that now nearly all lines used 
them to some extent. He thought con- 
clusions had hitherto been formed with- 
out sufficient experience ; but he hoped 
the statements of permanent-way engi- 
neers would supplement the deficiencies 
of his paper. Continental railways, as 
yet, afforded very little experience ; and 
it would be for England to show what had 
to be done in this important engineering 
question. On the Swedish lines steel 
rails were being adopted, though the 
traffic was comparatively light. 

A simple way of ascertaming that the 
steel employed was sufficiently tough for 
rails, was to bore a hole in the bottom 
plate of the ingot mould 2 in. in diameter 
at the top, 1} in. in diameter at the bot- 
tom, and 2 in. deep; the piece projecting 
from the lower end of the ingot was bro- 
ken off when cold, and having been heat- 
ed to a red heat, was flattened into a cake 
or plate such as he then exhibited. When 
cold it was doubled up under a hammer, 
and its toughness under this treatment 
decided its suitability as a steel for rail- 
way purposes. Afterwards it was sent to 
the laboratory, and the carbon determined 
by the Eggertz process. The percentage 
of carbon and its registered number were 
then marked on each piece for further 
reference. If under the bending test the 
cake broke short, the ingot from which it 
was taken could be used for making 
springs, etc., which required harder ma- 
terial. 

He had been furnished with some par- 
ticulars respecting the nse of steel rails on 
the London and North Western Railway, 
from which it appeared that steel rails 
were laid down at Camden Town, in May, 
1862, in seven different places, and one 
pair of rails put down in January, 1863. 
They were laid so as to form one side of a 
single line of rails, the opposite side being 
composed of ordinary iron rails laid down 
to test their comparative wearing quali- 
ties. 
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The effect of wear upon the ordinary | statement drawn up by Mr. Woodhouse, 
iron rails was shown in the following! the Engineer of the Permanent Way : 


‘The Ast face of 5 steel rails was wes ring as compared with the 2d face of 5 iron rails. 
as ec 
“ce : “ = h 
12 ‘a 5th 2 
A “ 6th i 
“ 7th 5 
“ 8th 
8 “ 9th 3 
5 ss 10th 5 
“ 11th “ 
1(a)* 15th in August, 1865, when 
the opposite steel rail was remov ed. 
1 (.) was wearing the 23d face in March, 1867, when the opposito steel rail was 
accidentally broken, and was taken out, 


“(a.) The steel rail removed in Angust, | 1867, was not broken by fair wear and 
1865, was taken up to enable Mr. Besse- tear, but in consequence of some vehicles 
mer to read a paper on it at the meeting getting off the road and causing damage. 
of the British Association. | ‘“*At the time of the removal of the 

“(b.) The steel rail removed in March, | above-mentioned steel rails they were 
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6 
5 
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wearing thin, and were bruised on the 
outer edge. The latter of the two rails 
was reduced in height by about 35;ths of 
an inch.” 

All the 48 steel rails remaining in the 
road were still in good condition, and 
none of them had yet been turned. They 
were still wearing satisfactorily. 

If the number of worn-out iron rails in 
each case cited in the previous table were 
summed up, it would be found to amount 
to a total of 315, -vhile the number of 
steel rails wearing on the opposite side, 
but in good condition, amounted to 50. 
So far, therefore, as the experiments had 
proceeded, each steel rail was found to 
have worn out, on an average, 6 iron rails; 
and on these data the annuity tables had 
been calculated. 

Mr. Edward Williams said there seemed 
to him some danger of false conclusions 
as to the cause of the superiority of rails 
made by the Bessemer process. These 
rails would wear well, not so much be- 
cause they were made of steel, as that 
they were rolied from solid ingots. 

Rails, however carefully made by the 
old process, being built up, were, of course, 
more likely to laminate than those which 
were made from ingots which had no lay- 
ers in them. He was convinced that the 
question of good or bad iron rails was 
suuply a question of welding, and that 
the quality of the iron was comparatively 
of little or no importance, except so far as 
one description of iron welded more easi- 
ly than another, and that the kind of iron 
that welded most easily would make the 
best built-up rail, because there was the 
least chance of imperfect welds. A rail 
made from an ingot would be better than 
a built-up rail, but whether, price being 
taken into account, it might not, in many 
cases, be economical to use piled rails, 
was another question. He was inclined 
to think it would be so. 

With regard to putting a steel top on 
an iron rail, it was open to the objection 
that steel could not, with certainty, be 
welded on to iron, and there would be 
danger of the steel head coming off under 
heavy work. 

He thought that what were usually 
called the best iron rails—rails for which 
an extra price was paid, and which were 
carefully watched during their manufac- 
ture—were really the worst rails, for the 
reason that the iron composing them had 





to be worked over and over again, and 
after each working it welded with greater 
difficulty than before. No kind of iron 
welded so easily as puddled bars, and the 
nearer the wrought iron was to cast iron, 
the better rail it would make. If it were 
possible to make a rail direct from a pud- 
died ball, it would probably make the 
best iron rail that could be produced, but, 
up to the present time, it had not been 
found possible. The system adopted in 
the north of England was, he believed, 
the best for producing really serviceable 
iron rails. A puddled ball, a rough, spongy 
sphere of about 15 to 18 in. in diameter, 
was put under a hammer and received a 
few blows to flatten it. Another ball was 
put on the top of it, and it was served in 
the same way; the mass was then ham- 
mered into a rectangular slab about 10 in. 
or 11 in. wide, and about 2} in. thick. 
Two or three such flat slabs were then 
put together in a furnace, raised to a 
welding heat, rehammered, and rolled 
into the slab to form the head of the rail 
to be produced. This system gave just 
as much work as was necessary to insure 
soundness of the slab without overworking 
it. He had no doubt that this mode of 
working was much better than roughing 
down from piles composed of thin pud- 
died bars. Indeed, long experience had 
proved to him that, whatever system was 
adopted, it depended upon the capacity 
of the iron for welding, and the giving it 
a proper heat, whether or not the rail 
produced would wear a long or a short 
time. 

He thought the system of supplying exact 
specifications, and watching the manufac- 
turers of rails, had not succeeded; and he 
would suggest one which, he believed, 
would produce much better rails than had 
been turned out lately, and at a cheaper 
rather than at a higher price. He would 
advise that Railway Companies should 
only apply for tenders to rail-makers of 
good reputation, that the onus as regard- 
ed the durability of the rails supplied 
should be left upon such makers, and that 
the Railway Companies should make no 
secret of the results ; in fact, that there 
should be a periodical return of each 
maker’s rails worn out, and the amount 
of work they had borne. The more public 
such returns were made, the better it 
would be for those who supplied really 
good rails, and the system could scarcely 
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fail to be a better protection to Railway’ 


Companies than anything they now pos- 
sessed. Of course, th® prices paid for the 
rails should be given as well. 

Sir Charles Fox thought the value of 
steel rails was underrated, inasmuch as it 
was generally considered as a question of 
steel versus iron. He did not say that the 
material of steel was not better for the 
manufacture of rails than iron, as it un- 
doubtedly was so, but he thought that was 
not a fair exponent of the difference of the 
value of the two. An iron rail when 
manufactured, even in the best way, was 
little more than a bundle of rods; and the 
top slab might be compared to a piece of 
hoop-iron lying on the top of an anvil (the 
body of the rail), when a heavy locomotive 
passing over it acted as a sledge hammer. 
If a locomotive wheel were permitted to 
run over a penny-piece, by its crushing 
weight it increased its length; but as that 
would not be the case with the top portion 
of a rail, because it was penned in length- 
wise, it necessarily spread sideways, and 
became laminated. A steel rail was rolled 
from one solid ingot, not obtained in the 
ordinary way of casting ingots by pouring 
the material from the lip, but from a 


stopple hole at the bottom of the ladle, by 
which means no scum would get into the 
ingot, and it was consequently homogene- 


ous and perfect. It was then rolled into 
a solid rail having no tendency to laminate, 
and that was one, and, in his opinion, the 
main reason why a steel rail was so much 
more durable than an iron one. 

Having had for some years the charge 
of a long length of permanent way, he had 
carefully examined many defective rails 
with a magnifying glass, to ascertain the 
cause of their failure, and he found in 19 
cases out of 20, that the defects arose from 
lamination of the iron resulting from de- 
fective welding. It was, therefore, im- 
portant to have a better, harder, and more 
homogeneous material for rails. But he 
thought that with harder rails engineers 
would be tempted to increase the load to 
be placed upon them ; and that they had 
got into a somewhat similar dilemma to 
the one to which the late Mr. Robert Ste- 
phenson used to refer when he said, “ It 
is of little use making improvements in 
locomotives, because the result is to in- 
duce engineers fo make still steeper gra- 
dients.” 

Steeper gradients had, however, be- 





come a necessity; and, therefore, it was no 
doubt important to be able to pass heavier 
engines over such gradients, but in doing 
so care should be taken in using only such 
a load as would not be beyond the limit 
of elasticity of the material of which the 
rails were made; for if every time a loco- 
motive wheel passed over a rail it sank 
intoit to some small extent (and it undoubt- 
edly did so), and if that sinking were not 
entirely recovered when the wheel passed 
on, he need not say the destruction of the 
rail would not be far distant. 

Mr. T. E. Harrison, Vice-President, 
agreed to some extent with the remarks 
made by the previous speaker; and repre- 
senting as he did a Railway Company in 
the North of England, the chief part of 
whose rails were purchased from the 
manufacturers of the district, he had 
minute observations taken of the wear of 
those rails, and he might state as the re- 
sult, that on between 700 and 800 miles 
of permanent way of the North Eastern 
Railway the average duration of the last 
complete set of rails was found to be about 
15} years; and some which were laid down 
in 1834 were still in use. There were rails 

made in Wales which had been in use in 
some cases more than 20 years which were 
still in excellent condition. In other cases 
rails had to be taken up after being down 
only a comparatively short time. On the 
occasion of the examination of a number 
of rails taken from considerable lengths 
of line, which had been down for a long 
time, Mr. Harrison had advised that a 
careful analysis should be made; and it 
had been found that the rails which lasted 
the longest contained from ,3;ths to °;ths 
per cent. of phosphorus, and many of the 
rails which exhibited the least signs of 
wearing were such as would be generally 
considered bad iron. Many years ago 
large quantities of rails had been pur- 

chased in Wales under peculiar circum- 
stances ; they were called “ Hudson’s ” 
rails; and objections were raised against 
their being used, because they were man- 
afactured under contract, without a speci- 
fication, and it must be admitted that the 
fracture was that of very inferior iron. 
They were, however, laid down on a part 
of the line where the traffic was very heavy; 
and after 15 years’ wear, many cf those 
rails were still in good condition. This 
result was in accordance with the views of 


Mr. Williams and of Mr. Vaughan, of 
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Middlesboro” that the specifications of 
Civil Engineers showed that they did not 
thoroughly understand the best mode of 
manufacturing durable rails. He accord- 
ed with that opinion ; for when he com- 
pared the rails made on a more expensive 
specification, with a view of getting a more 
fibrous quality of iron, with Welsh or with 
North Country rails made without a speci- 
fication, he found they almost invariably 
lasted longer than the rails made in ac- 
cordance with the most elaborate specifi- 
cation. After consultation with two of the 
Directors of the North Eastern Railway, 
it was determined to collect samples of all 
those rails which had been longest down, 
and to place them side by side with samples 
of the most unsuccessful, and to have an 
analysis madeof the whole; and then they 
determined to sends to all the manufactu- 
rers in the locality, and to ask them to 
supply each 1,000 tons of rails, without 
giving any specification. They were now 
in course of manufacture ; and the prices 
at which the manufacturers had contract- 
ed to deliver them were below what they 
would have charged for rails made accord- 
ing to the specification previously used. 
It was intended to lay down alternate rails 
from each of the 9 manufacturers ; and 
they would be laid where there was the 
largest amount of wear. If they wore well 
it was assumed that the manufacturer 
would be prepared to supply similar rails 
for the future. The effect of this plan had 
been to put the manufacturers of the 
North a little upon their mettle. One 
sample of rails on the table had been 
down for 24 years; others had been laid 
in places where 80 trains a day had pass- 
ed over them during 15 years. Then 
there were two samples from Messrs. 
Bolckow and Vaughan, made without spe- 
cification, which contained 0.5 per cent of 
phosphorus. They were laid near the 
Milford Junction, and had not been turn- 
ed. Many thousands had been taken from 
the main line, and had been laid down on 
some of the branches, where they would 
last for the next twenty years. Seeing 
what could be done with iron rails lasting 
anything like the period mentioned, the 
use of steel became unnecessary as a mat- 
ter of economy. At the same time, on 
portions of the North Eastern line where 
there were stations and a great deal of 
shunting, the rails would not last more 
than two or three years, and in those 





cases steel rails had been laid down. A 
difficulty with regard to the iron rails 
arose from the testeto which they should 
be submitted. No doubt, iron which was 
best for wear would not stand a heavy 
blow, and where the rails were submitted 
to the test of a heavy falling weight they 
would be found deficient. The difficulty 
lay in making iron rails of sufficient hard- 
ness, and at the same time of sufficient 
strength for use. He could not refer to 
a single instance of the breaking of ordi- 
nary rails when the line was kept in good 
order; and the question arose whether 
the test of a heavy ball should be applied. 
If the road was in good order he doubted 
whether any blow ought to come upon the 
rail; and even that could be met by put- 
ting in a few additional sleepers and 
shortening the bearings. As a question 
of economy, with the cost of the addi- 
tional sleepers and chairs, an iron rail so 
treated would be cheaper than one of 
steel. He was an advocate for using the 
double-headed rail. The Nerth Eastern 
system embraced a large extent of branch- 
es used for coal traffic, on which the par- 
tially worn rails were used. There were 
many miles of those lines on which a new 
rail had never been laid since the rails 
were first put down. These branches 
were maintained by rails culled from the 
main line, and some of them were used 
without being turned. Though a rail 
might be unfit for the main line, it would 
serve for a less important part of the sys- 
tem; and under such circumstances the 
double-headed rail was useful. He was 
not prepared to say that in all cases it 
was desirable to use it, because the hard- 
est iron might be applied to one head of 
the ‘rail for wear and a different quality 
to the bottom web; and a rail thus ob- 
tained would stand a heavy falling test; 
and if the rails were not going to be turn- 
ed, it was a matter of less importance. 
With regard to the use of steel, he thought, 
if the wear he had mentioned could be got 
out of the iron rails, it would be scme 
time before steel would be used to a large 
extent; but if the size of the locomotives 
and the speed of the trains were further 
increased, steel rails might become a mat- 
ter of necessity upon the main lines. The 
rail-makers in the North could make as 
good rails as they did formerly, by going 
back to their old mode of manniacture; 
and it would then be found that the ordi- 





Fy &§ FF FF 2S eS.” 


THE MANUFACTURE AND WEAR OF RAILS. 


89 








nary rail would regain a position which, 
he believed, to a large extent it had for 
some time lost. 

Mr. W. R. Innes Hopkins, being one of 
the Northern iron-masters referred to, 
did not intend to make the rails that he 
proposed to have tried on the North East- 
ern Railway according to the formula of 
any engineer. He was quite certain that 
as engineers had increased their tests, 
they had augmented the strength of rails 
at the expense of their wearing power, 
and it was a matter of experience that a 
strong fibrous rail would not stand heavy 
traffic nearly so well as one with a hard 
crystalline head. In paying great atten- 
tion to the wearing power of double- 
headed rails, they were frequently ren- 
dered brittle, and became liable to be 
broken; but experience showed that very 
far below the standard now used for test- 
ing would give a sufficiently strong doub- 
le-headed rail to bear the heaviest traffic. 
Rails that had been laid down for many 
years in the north of England, and had 
stood the traffic well, on being tested, 
were found to break at one-fourth of the 
weight frequently prescribed, whereas 
rails that had become laminated, and had 


quickly worn out, did not break under 


the operation of testing. What was tech- 
nically called “strong iron ” did not weld 
readily, and as the weldable property was 
diminished, the homogeneous character 
and wearing power of the rail was de- 
stroyed. On most foreign lines the Vig- 
noles form of rail, with a broad lower 
flange, had been adopted. This gave a 
greater opportunity for combining wear- 
ing power with strength than any double- 
headed section, because hard iron could 
be used for the head, and great strength 
and power of resistance to testing could 
be obtained in the web and the flange. 
He considered that the shape of many 
double-headed rails was far from good. 
They were too quickly cut in under the 
head, and many failures were caused by 
the side of the head breaking off, from 
not being sufficiently supported beneath. 
The section of the rail used by the Dutch 
Government showed a pear-shaped head, 
which he believed was as good a form as 
could be devised. There was some trouble 
at first in “fishing” this rail, but the 
Dutch engineers used an arched fish, 
which appeared, to a great extent, to 
overcome the difficulty. 





Mr. Fowler, Past-President, considered 
it rather remarkable that Mr. Harrison 
should have obtained better rails without 
a specification than when he had given 
specific instructions; and he could only 
account for it by supposing that the speci- 
fication had been drawn for some other 
rail-making district than that in which 
the rails were made, for it was impossible 
to suppose that he would do otherwise 
than give such directions as would lead 
to the manufacture of good rails. Mr. 
Williams stated that the rails should be 
hard and crystalline, rather than fibrous. 
No doubt these were desirable qualities, 
and it was equally so that a rail should 
not be brittle. He could not agree in 
the opinion that specifications were 
useless, and that engineers did not 
know what they wanted. On _ the 
contrary, he thought that Mr. Hop- 
kins was mistaken, and that engineers 
did know what they wantedina rail. Mr. 
Hopkins might suppose that, because the 
engineer tested against the possibility of 
brittleness by a falling weight, therefore 
he desired to have great ductility; that 
was a wrong conclusion; but it was im- 
portant to be assured that the rail was 
not so hard as to be brittle; and that was 


the object of engineers in some of their 


tests. Mr. Harrison’s plan of getting 9 
manufacturers to lay down their rails 
under the same circumstances would af- 
ford an excellent test, and, although with- 
out a specification, no doubt he would 
get good rails laid down; but then it was 
desirable that he should ascertain exactly 
the process adopted in the manufacture 
of those rails, and after making careful 
tests, he should analyze the results; other- 
wise, if the manufacturers were allowed 
to lay down 9 different kinds of rails, and 
no observations were taken, he would be 
in no better position than he was at first. 
In his opinion it was not desirable in the 
interests of railway proprietors or of the 
public, that engineers should abdicate 
their functions; but he would advise them 
to draw specifications, and to take pains 
to ascertain the process of manufacture 
of the iron, and to confer with the manu- 
facturers. In former times he had got 
rails without a specification, paying an 
extra price for quality, but his expecta- 
tions were not realized, and he got worse 
rails for a higher price. 

It would be admitted that no rule could 
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be laid down for the manufacture of rails 
which would be applicable to all localities. 
The question must be considered chiefly 
with regard to the mixture of iron to ob- 
tain a certain result. He believed steel 
would for almost all purposes eventually 
supersede the use of iron. But, as in the 
case of all new applications, caution was 
necessary. There could be no doubt, 
however, that in certain circumstances, 
such, for instance, as on short lines for 
very heavy traffic, the use of steel was 
most desirable. With regard to its ex- 
tended use on main lines, each case must 
be dealt with separately, taking into ac- 
count the quantity and quality of the traf- 
fic, and the varying price of the material. 
The price of steel rails was falling; and 
the difference between good iron rails and 
good steel rails would have a tendency to 
diminish. At the same time he hoped it 
would never so far diminish as to lead to 
the use of aninferior quality of steel rails. 
He would advise engineers to adopt the 
plan of having their steel rails carefully 
tested. The difficulties which led to the 
manufacture of steel that was too hard 
were, he believed, being gradually over- 
come, and existed now in a trifling degree 
only. The Tables that had been produced 
were remarkable, but he did not think 
that the Institution possessed at present 
sufficient data to induce it to regard them 
as satisfactory. That good steel rails 
would last much longer than iron rails no 
one could doubt; but he had no confidence 
in a calculation which assumed that steel 
rails would last from 30 years to 80 
years, though Tables, such as those exhib- 
ited by the Author, even when the life of 
steel rails was to some extent assumed, 
were no doubt useful. There were ad- 
vantages in the use of steel rails which 
had not yet been alluded to. Taking the 
case of a main trunk line, such as the 
Great Northern, Mr. Price Williams had 
stated that the life of rails on that railway 
was 8 years.* There was no great 
object in having sleepers which lasted 
longer than the rails, because few engi- 
neers would, on a main trunk line, put 
new rails on second-hand or half worn- 
out sleepers. But if steel rails were used, 
lasting over a period of from 16 years 
to 24 years, it became immediately 
an important object to make the du- 








* Vide Minutes of Proceedings Inst. C. E., vol. xxv., p. 303, j 


rability of the sleeper as great as pos- 
sible, because in addition to the economy 
that would result from such an arrange- 
ment, there was a material element of 
convenience in not having the permanent 
way disturbed more frequently than was 
absolutely necessary. If, instead of re- 
newing the permanent way every 8 years, 
it became necessary to do so only every 
16 years, a great advantage would be 
gained. It was well known that when } 
of a main trunk line was always in the 
course of renewal, it considerably inter- 
fered with the safe working of the line. 
Simultaneously with the use of steel rails, 
it would be necessary to introduce a su- 
perior quality of timber instead of what 
was called sleeper timber, which consisted 
of the tops of trees of an inferior quality. 
It was probable also that the form of the 
rail would be changed, and that, instead 
of the double-headed rail with fastenings 
composed of many parts, engineers would 
adopt the Vignoles form; this might be 
made with steel, with the bottom so wide 
that there would be no difficulty in having 
the base as large as that of the largest 
chairs. His own experience was in favor 
of a base 6} in. in width. He considered 
chairs objectionable ; but with a good 
Vignoles section of rails, a bed of great 
simplicity, greater strength, and more 
security would be obtained. That was 
one amongst the many advantages arising 
from the use of steel. 

Then, again, the question of turning 
would no longer be considered of impor- 
tance when the material lasted 30 years. 
He did not approve of the compound rail 
with a steel head and an iron bottom, as 
the welding was sufficiently difficult 
whether in iron or in steel alone, but that 
difficulty would be greatly increased by 
the attempt to make a compound rail of 
steel and iron. In some instances the 
use of such rails had been satisfactory, 
but in others very unsatisfactory; and he 
would advise Engineers to be content, 
either with good iron rails, or with good 
steel rails, and not to attempt a combina- 
tion. 

Mr. Isaac Lowthian Bell admitted that 
complete success had not hitherto attend- 
ed the joint deliberations of engineers and 
iron manufacturers. 

Although steel in some other form than 
thit generally used up to the present time 
had been alluded to, he apprehended that, 
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as no practical plan had been hitherto de- 
vised and adopted for the manufacture of 
steel rails upon a large scale, it would 
hardly be prudent to consider any other 
than Bessemer steel in the present discus- 
sion. Any comparison of economy of 
course resolved itself into a question of 
cost and durability. Nothing commended 
itself more strongly to the mind of the 
manufacturer than the production of the 
Bessemer steel, particularly as it was oc- 
casionally practised in France, where pig 
iron was run from the blast furnace into 
the converter, and the rail was rolled di- 
rect from the bloom, without passing un- 
der the hammer. No doubt that was a 
most ingenious process, and one which 
might be brought into universal applica- 
tion, but for other difficulties connected 
with the manufacture of Bessemer steel, 
which did not obtain in the manufacture 
of iron. In this last-named operation, 
the process of puddling separated in a 
great measure the phosphorus from the 
iron; whereas it was a peculiarity of the 
Bessemer process that the phosphorus 
was condensed into the steel. In select- 
ing iron for the Bessemer process, it was 
important to consider the composition 
and the difference in the properties of 
the various kinds of iron to be dealt with. 
From his own analyses, and from the Ta- 
bles of composition given in Dr. Percy’s 
“ Metallurgy,” it might be assumed that 
in Cleveland pig iron there was an average 
of about 1} per cent. of phosphorus ; in 
North Staffordshire, about 1; in Der- 
byshire, 1; in Bowling, .51; in South 
Wales, .49; in South Staffordshire, .41; in 
the Forest of Dean, .137 ; in Weardale, 
-10; and it was only in hematite iron that 
the phosphorus fell so lowas .047 per cent. 
He believed that Mr. Bessemer himself 
held that, by his process, he could not 
satisfactorily deal with iron containing 
above .045 per cent. of phosphorus. The 
quantity of iron produced in the British 
Isles, fit for making Bessemer steel, 
was therefore extremely limited, be- 
cause the total quantity of hematite 
iron was only about one-fifth of the 
entire yield of the kingdom. Bessemer 
hematite pig iron, in consequence of 
the demand and of the limited make, was 
worth 80s. per ton, whereas Cleveland pig 
iron was worth only about 42s. 6d. per 
ton. The important question then arose 
—what other supplies of iron were avail- 





able for the manufacture of Bessemer 
steel? The total supply of pig-iron in 
Europe was about 8,250,000 tons. In 
France, where the manufacture of Besse- 
mer steel was looked upon as one of great 
importance, there was scarcely a ton of ore 
fit for the manufacture of iron suitable for 
the process. At Lavoulte, a small district 
on the banks of the river Rhone, a small 
portion of suitable iron ore was ob- 
tained ; but by far the greater part was 
made from ore procured from Mokta, in 
Algeria, which raised the cost of the pig 
iron to something like £4 per ton. In 
Belgium, in Westphalia, and in Silesia, 
there did not appear to be any iron ore 
fit for the Bessemer converter. Norway 
and Sweden produced a limited quantity; 
but not all of that was sufliciently free 
from phosphorus. He had brought over 
from Norway a sample of ore, and he had 
found that the pig iron smelted from it 
contained } per cent. of phosphorus. The 
Rhenish provinces raised about 500,000 
tons of iron ore per annum pure enough 
for Bessemer iron. Styria and Corinthia 
also produced a limited supply ; but he 
believed that a yield of 250,000 tons a 
year was all that could be depended upon 
from that locality. He had no knowledge 
of the resources of Russia; but looking at 
the distance of the iron-works from the 
shipping ports, he imagined little help 
could be expected from that quarter. 
There were other ores, as in Biscay, but 
so far as pig iron was concerned, the re- 
sult was that, out of the 8,250,000 tons 
of pig iron produced in Europe, there was 
only about 500,000 tons suitable for mak- 
ing Bessemer steel. 

Then the comparative cost of the manu- 
facture of steel and of iron rails was an 
important question, not only as it was at 
present, but what it might be in the future. 
He thought that rails might be made from 
pig iron as cheaply by the one process as 
by the other, so far as the mere cost of 
the operation for wages, fuel, etc., was 
concerned, and independently of the price 
of the pig iron employed. The loss, al- 
though considerable in the Bessemer pro- 
cess, took place at a period of the manu- 
facture when the least amount of work 
had been done ; and that was an advan- 
tage. He was aware that his opinion of 
the cost of manufacture was not admitted 
by the makers of the Bessemer rails. One 
explanation of the cost might be, that the 
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number of rejected rails manufactured in 
England was far in excess of the number 
rejected abroad. He had been assured by 
a manufacturer in Styria, that he was in 
the habit of rolling rails for a week at a 
time without producing a single waste 
rail ; but whether this proceeded from 
the fact that a superior kind of pig—viz., 
iron from pure ores, and smelted with 
charcoal — was used, or from greater 
fastidiousness on the part of the engi- 
neers in this country, he was unable to 
say. , 

He had long entertained a doubt as to 
the amount of confidence to be placed in 
some of the specifications prepared by 
engineers ; and he still adhered to that 
opinion, notwithstanding the remarks that 
had been made. He had some time ago 
suggested to Mr. Harrison, when the Di- 
rectors of the North Eastern Railway were 
considering the question of using a rail of 
steel costing as much as £12 per ton, 
whether some improvement might not be 
introduced in the manufacture of iron 
rails. The subject was of great impor- 
tance to railway companies, to British 
iron-masters, and to the country gener- 
ally, and was one which could only be 
properly investigated by long and patient 
observation of those facts which experi- 
ence in the manufacture, as well as in the 





Phosphorus, 
513 


use of the rail, could elicit; and hence 
both iron makers and engineers should co- 
operate in any attempt to produce a good 
iron rail; and those who might succeed 
in accomplishing this would be entitled to 
be considered as national benefactors, by 
maintaining the demand for that descrip- 
tion of metal produced in such large 
quantities in this country. Not long ago 
a rail had been taken up which had been 
down for 15 years, on that portion of the 
North Eastern Railway on which the traf- 
fic was the largest. From previous ob- 
servation, he had ventured to say that it 
was a bad specimen of iron, so far as pu- 
rity and freedom from phosphorus was 
concerned. An analysis of the rail had 
been made with the following result: 


Graphite 

Manganese 

Sulphur 

POUNEE. ... sane crsess secnesesss 
BIER... ccee Réasecscoeseoevscecsncecs 


Thus showing that it contained almost 
the amount of phosphorus stated by Mr. 
Karsten to be the extreme limit. Other 
rails were taken up which had been in use 
since 1855. The mean of two analyses of 
these, made by Mr. Marreco, of Newcas- 
tle, was as follows: 


Sulphur. 


Silicon, Carbon, 
7 090 


.079 Trace. 


. tai 
One specimen con ained per cent oan 


307 
168 0 


161 
223 


.109 
Not estimated, 


“ “ 
“ “ 


A rail just received, and apparently of 
serviceable quality, contained .681 per 
cent. of phosphorus. 

As the same kind of pig iron might on 
puddling yield a product varying in qual- 
ity according to the treatment it received, 
he had no doubt that rail makers might 
produce a hard or a soft kind of iron; in 
proof of which he laid two samples of iron 
on the table, puddled from the same pig, 
one bright and crystalline, and the other 
fibrous and tough. In France this was 
actually done in practice, the puddler be- 
ing paid different prices for the several 
qualities of iron. Manufacturers in Eng- 
land dared not encounter the risk of 
making iron which, though strong enough 
for rails, might still not resist the severe 
test-blow to which engineers subjected it; 
indeed, when this power and species of 
resistance was provided for, a suflicient 





quantity of No. 2 bar used in the piles, 
and no mill cinders admitted into the 
blast furnace, it seemed to him that a 
rail specification was considered com- 
plete. 

Of such importance was the presence 
of phosphorus considered in France, that 
when it was found that railway bars were 
getting too fibrous, mill cinders, or ores 
containing phosphorus, were introduced, 
with the view of correcting what was re- 
garded as a disqualification in that kind 
of iron; so that it might turn out event- 
ually that this hitherto maligned sub- 
stance might be considered indispensable 
in a good rail. 

With regard to manufacturing steel by 
some other process, he was not without 
hope from what he had witnessed, and 


from careful study, that steel would, by 
| the introduction of new processes, be 
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eventually produced from iron containing 
phosphorus in amount far exceeding the 
limits laid down by Mr. Bessemer. Such 
a discovery, he need not say, would be a 
valuable acquisition to the manufacturer, 
to the railway engineer, and to the na- 
tion. 

Mr. James Deas stated that the North 
British Railway Company had used solid 
steel rails for 6 years, having laid down 
upwards of 1,100 tons; 500 tons upon 
main lines, and fully 600 tons in switches 
and crossings. About 1,000 sets of switches 
and crossings had been put down, and 
not one of them had yet worn down. 
Several sets of switches had been in the 
road for 6 years, while the switches of 
iron rails that preceded them had worn 
out in from 6 to 9 months. Three years 
ago he had laid 250 tons of steel-headed 
rails, weighing 75 lbs. to the yard, in 24- 
ft. lengths fish-jointed ; they were the 
first rails of the kind which were made by 
the Dowlais Iron Company. Out of up- 


wards of 900 rails, the steel had separated 
from the iron in only 25 of them, and 
these rails had been turned and had been 
left in the road with the iron heads up- 
permost. 


The steel was laid flat on the 

top of the rail and not turned over the 

edges, as had been done in the Swedish 

oan rails, designed by Mr. Sand- 
erg. 

He had laid down alternately, at the 
same time, 9 solid steel rails and 9 iron 
rails, on the outside of a 12-chain curve. 
The original depth of the rails was 5), in. 
When they were examined a few days ago, 
the solid steel and the steel-headed rails 
had worn ,'; in., whilst the iron rails had 
worn 35 in. The inside of the steel- 
headed rails was, however, worn much 
more than the inside of the solid steel 
rails; and this was probably accounted 
for by the greatest pressure of the flanges 
occurring at the junction of the iron and 
steel. 

Mr. W. Menelaus said, that to make a 
rail of wrought iron which would endure 
satisfactorily, under the conditions not 
unusual on at least portions of most of the 
great lines of railway, was commercially 
impossible. There were inherent faults, 
first in the quality of the metal itself, and 
next in the mode of manufacture, which 
rendered it, in his opinion, impossible to 
produce a rail of wrought iron which 
would stand even a reasonable time un- 





der the trying conditions to which some 
portions of the lines must of necessity be 
exposed. No doubt it was possible to 
produce perfect homogeneity and sound 
welding in wrought iron, as for instance 
in “best-best” tyres; but this could only 
be done at a great cost, and, beyond all 
doubt, Bessemer metal could be produced 
cheaper than this high-class wrought iron. 
Even granting that wrought iron of great 
excellence could be produced in large 
quantities, which he much doubted, even 
the best wrought iron ever made was far 
inferior to Bessemer metal, at least for 
rails. In adopting steel for Bessemer 
rails there was one great security ; bad 
steel, in the sense of impure steel, could 
not be made into rails. He frankly ad- 
mitted that by an error of judgment, or 
by attempting to make the metal hard and 
lasting, an overdose of carbon might be 
given to it, and the rails would in conse- 
quence be brittle; but if this mistake were 
avoided, he held that bad steel could not 
be made into rails at all. In fact, as a 
matter of economy, the purer and higher 
the quality of the pigiron used, the cheaper 
must be the Bessemer steel rails produc- 
ed. As far as his experience went, noth- 
ing was so bad and so wasteful as to at- 
tempt to use pig iron of low quality for 
making Bessemer metal ; if silicon was 
present in excess there was a bad yield in 
the converter; and the presence of undue 
quantities of sulphur and phosphorus 
caused a great number of waste rails. He 
had found it best and cheapest to buy the 
highest quality of pig iron only. His ex- 
perience of Bessemer metal, however, bad 
been confined entirely to the manufacture 
of rails, but he had no doubt all steel 
makers would bear him out in these state- 
ments. He believed the only charge 
brought against the quality of steel rails 
was their brittleness, as it was called, and 
he supposed that rails made of Bessemer 
metal had broken in regular work, even 
when produced by manufacturers who 
from their long experience in the trade 
actually claimed pre-eminence. His opin- 
ion was that these hard rails had been 
made, not designedly, as a matter of econ- 
omy, but simply by accident, or through 
an error in judgment; mistakes were less 
likely to happen now that considerable 
experience had been gained in working 
the metal. Excellent iron rails could be 
made if railway engineers would but treat 
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iron-masters with confidence and would 
pay a fair price; but when a high class 
rail was required he was of opinion that, 
as far as was known at present, there was 
no material to be compared to Bessemer 
metal for excellence of quality and mode- 
rate cost. 

Now as to the union of the two metals 
in the shape of what were called steel- 
headed rails. Very unsatisfactory results 
followed the first attempts to make rails 
of that description; but no doubt other 
makers had, like himself, benefited by 
experience, and now a perfect junction 
could be insured between the iron in the 
body and the steel on the heads of rails. 
He first used plain slabs, and he had 
made, some years ago, by this method, a 
quantity of rails for the Edinburgh and 
Giasgow Railway. Mr. Deas reported 
that the rails had, so far, stood well, and 
he still expressed confidence in rails of 
this description. These rails were made 
with plain slabs for the tops, and the 
union of the two metals depended entirely 
on the weld. After a while he adopted a 
system for making steel heads, which had 
been long used in South Wales for iron; 


that was, giving a mechanical grip to the 
top slab in the rail-head. The slab of iron 
was rolled in the form of channel iron, 
with a rib more or less deep on each side. 
In the finished rail the steel was thus not 
only welded to the iron, but it had a good 


mechanical grip upon it. This plan of 
rolling the steel slabs in the channel form 
was a great improvement. All he had ar- 
rived at, however, was to get a good grip 
of the head; but Mr. Sandberg, having the 
management at the Dowlais Works of the 
manufacture of a quantity of steel-headed 
rails for the Swedish Government, sug- 
gested that the horns or ribs of the chan- 
nel-formed steel slabs should be deepened, 
so as to insure a complete envelope of 
steel for the head; and it was found that, 
in the rail rolled from the slabs designed 
by Mr. Sandberg, the steel actually came 
down into the stem of the rail, and made 
an excellent sound job. 

It was by no means a simple matter to 
roll steel and iron together, as the two 
metals required to be worked at different 
temperatures ; but after a little practice 
the men acquired sufficient skill in the 
management of the pile in the furnace to 
secure an excellent junction between the 
two metals, and in his opinion steel- 





headed rails, properly made, would be 
found to stand almost, if not quite, as well 
as rails of solid Bessemer metal, though 
of course they would not be reversible, 
having only one table of steel. 

Mr. James Shaw felt from his experience 
at the Stockton Iron Works, that he could 
confirm a great deal that had been said 
regarding iron rails by Mr. Bell, whose 
remarks should be studied by all Engi- 
neers. 

Many specifications had come to him 
from Railway Engineers; and though 
some of them had exhibited great practi- 
cal knowledge, others had been so defi- 
cient that he had been utterly at a loss 
how to make the rails. Much had been 
said about the difference between iron 
and steel, but he thought that a vast deal 
depended upon price, upon the judgment 
of Engineers, and the advice which they 
gave to Railway Directors. When a 
manufacturer quoted a price, he believed 
that, as a rule, the lowest tender would 
be accepted. He knew that the Railway 
Company desired to get the best apparent 
rail at the lowest cost, and he might be 
disposed to believe that some of the con- 
ditions were unnecessary. The North 
Eastern Railway Company had taken the 
right course in asking a manufacturer to 
tender. They had said to him: “ We will 
take you into our confidence, although 
our Engineers have issued excellent speci- 
fications, because you know far better 
how to manufacture rails than we can be 
expected to do.” This example had been 
followed by a foreign railway company, 
and the results in both cases were very 
satisfactory. 

The question was one of great impor- 
tance, inasmuch as it concerned the safety 
of the lives of the travelling public. He 
would ask whether it was creditable that 
there should be issued some one hun- 
dred and fifty different specifications. In 
France that was not the case, aud even 
in America a uniform specification was 
adopted. 

In regard to the manufacture of Besse- 
mer rails, a good deal appeared to have 
been taken upon assumption. As expe- 
rience of steel rails extended back only 
some 5 or 6 years, it was, he submit- 
ted, somewhat rash to assume that steel 
rails would of necessity last 60 years 
or 100 years. Steel rails had certainly 
the advantage of being more homogene- 
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ous, and were therefore less liable to 
lamination, yet hardly sufficient regard 
appeared to be paid to other and very 
important considerations relating to extra 
cost and the possibility of having bad 
steel rails as frequently as bad iron rails. 
He therefore could not implicitly receive 
the statistics which had been referred to. 

Mr. Vignoles, Vice-President, thought, 
from the statements that had been made 
by the manufacturers and by all who 
were best acquainted with the subject, it 
might be concluded that if a rail from a 
homogeneous material could be produced, 
the result would be better than if it were 
produced from a pile. Engineers knew 
perfectly well what they wanted, although, 
perhaps, not being practical manufactu- 
rers of the material, they might not be 
able to dictate the best way of arriving at 
a given result. Besides, they were con- 
trolled to a great extent in this country 
by Directors as regarded expense, and 
abroad particularly by the assumption 
that foreign Engineers and managers 
knew a great deal more than the English 
Engineers did. Those who had the mis- 
fortune of contending with people half 
informed on technical subjects, which 
was a dangerous thing, would know how 
difficult it was to satisfy the requisitions 
of the foreign Engineers, or of those who 
controlled them. Within the last few 
days he had received a communication 
from the officials of one of the most im- 
portant Governments in Europe, refusing 
to allow an eminent manufacturer in 
England to replace rails made by him, 
which had been condemned on uureason- 
able grounds. In order to resist serious 
impact, one quality of iron was required, 
while a different quality was called for 
where rails had to sustain a load, and 
those two perfectly dissimilar requisitions 
were expected to be combined in the 
same rail. A rail sufficiently homogene- 
ous would combine those qualities to a 
@ertain extent. No doubt a steel rail 
would wear better than one of iron, and 
a steel-headed rail would wear better than 
an iron rail; but, in the latter case, the dif- 
ficulty lay in combining the two. He ad- 
mitted that the best iron was that which 
would weld the best; but it had been 
said that the best iron could be obtained 
from the puddled ball, and this had not 
hitherto been supposed possible. He 
would be willing to adopt the idea of ac- 





cepting a guarantee from a manufacturer 
as to the quality of the metal; but he 
would like to know the price at which 
the rails were to be produced, and also 
the mede, and, as far as possible, the re- 
sult of the wear and tear. 

Mr. David Forbes observed, that in all 
cases homogeneous metal was to be pre- 
ferred to that which was composed of 
more or less hard and soft particles; and 
therefore it became in the first place a 
question as to how such homogeneous 
metal could be obtained. Unless iron 
coul 1 be brought into a state of complete 
fusion, it would not be practicable to yet 
a material having in all parts the same 
mechanical structure, or the same me- 
chanical composition. As fused iron had 
not yet been found available, recourse 
must be had to a compound which was 
somewhat more fusible and easily manu- 
factured, as, for example, cast steel, which 
could be produced by the Bessemer, the 
Siemens, or any other good process. The 
question became then one of price, and 
in that respect the Bessemer process at 
present had the advantage. No doubt 
good steel could be produced from bad 
materials; though in the present state of 
metallurgy not so as to be remunerative. 
It was quite possible to take the worst 
cast iron, and to oxidize so much of it as 
to leave a residue of good steel; but he 
considered the Bessemer rails had suffer- 
ed in the estimation of Engineers from 
the attempts that had been made to use 
a material which was bad and unfitted for 
the purpose. He had made some experi- 
ments which had been suggested by the 
opinion of Mr. Siemens, that instead of 
using a steel rail, an iron one containing 
phosphorus might be employed. The re- 
sults showed that such a rail would be an 
extremely dangerous one; since, although 
at times very strong, such rails were lia- 
ble to be very “cold short.” It was found 
extremely difficult to get the phosphorus 
so uniformly disseminated through the 
mass as to produce in all parts the same 
hardness, or the same non-liability to 
break. The main point was to insist upon 
the employment of a good raw material 
for the production of the Bessemer steel. 

[TO BE CONTINUED. ] 





lie street lamps of Gottingen were lit 
simultaneously, for the first time, on 
the 16th of March, by electricity. 
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NOMINAL HORSE POWER. 


By J. MCFARLANE GRAY, M. I. M. E. and N, A. 


From the “‘ Nautical Magazine.” 


“Nominal horse power” means “a 
name for the horse power,” and no other 
name has so often provoked the inquiry, 
“ What’s in a name?” Until it become 
law that children shall be numbered like 
magazines in order of their publication, it 
will not signify whether Tom, Dick, or 
Harry be the designation of any individual 
specimen of the genus homo. These are 
names in which we expect to find nothing, 
and we are not disappointed. But the 
name for the horse power of an engine 
ought not be in the category of meaning- 
less words, for that which bears the stamp 
of measurement must either enlighten or 
deceive. 

The system of measurement of nominal 
horse power was introduced by Watt, and 
wasan average representation of the actual 
horse power of an engine at that time, 
when 7 lbs. steam was thought high pres- 
sure. But 7 times 7 is now the average 
pressure, and 70 times 7 is that to which 
many think we are drifting. The standard 
of Watt is, therefore, now quite inappro- 
priate, and the reply to “ What is in it ?” 
is, “ It tells us within from 150 to 400 per 
cent. what is the indicated horse power of 
the engine.” 

A readjustment of the standard is at the 
present time a great desideratum, and 
examples of the shortcomings of the com- 
mon rule are so well known, that I need 
not, to fortify my proposition, introduce 
here any illustrations of the anomalies in 
its working. The safety of passengers by 
ocean steamers prompts some action on 
the part of the Board of Trade, to insure 
that the information given in the adver- 
tisement sheets of emigrant steamers, is 
reliable in respect to the power of the 
machinery available to keep the vessel off 
a lee shore. 

I submit the following as a scheme for 
the rectification of the standard nominal 
horse power of marine engines and boilers: 

The source of the power being the fuel, 
the rate at which that can be consumed is 
the first element in making up the power. 
I have for many years been accustomed to 
compare the steaming power of marine 
boilers with the total width of furnaces 


simply. I have found that the tendency 
is towards this simple ratio, 1 ton of 
steam coals per day consumed per 1 ft. of 
width of furnaces, irrespective of the 
length of bar. The fire-grate of ocean 
steamers has, in many cases, been short- 
ened from 6 ft. to 5 ft. with an increase of 
steam-raising power. To all rules there 
are exceptions, and to this there is or was, 
a few years ago, a very remarkable excep- 
tion. One of the Folkestone boats had 
j bars 11 ft. long, and they were well fired 
‘all along. But this which was practicable 
‘on a voyage of only 2 hours would be 
| quite impossible in a voyage of days, much 
|less weeks. Higher consumption than 1 
ton per ft. of width is quite common, but 
|only where the boilers are originally too 
| small for the duty required of them, and 
consequently the fires have to be forced, to 
the detriment of economy. 

The next element in the power is the 
| quantity of steam raised in proportion to 
|the weight of fuel burnt. I will assume 
that the boiler is properly proportioned, 
and make no allowance for deficiency of 
heating surface. The weight of steam is 
the weight of water evaporated, and for 
this may be taken as the standard of 
maximum practical efficiency 10 lbs. of 
water evaporated by 1 lb. of steam coal. 

The next element is, how far will this 
| steam go towards horse power? Ata little 
above atmospheric pressure, viz., at 18} 
lbs. above zero, 35 lbs. of steam per hour 
will give 1 indicated horse power if ap- 
plied without loss, and without back 
pressure, and without expansion. The 
| number 35 is one already appropriated by 
| engineers for another purpose, and it will, 

therefore, be the more easily remembered 
for this. ° 








At higher pressures less than 35 lbs. of 
steam would give 1-horse power indicated. 
At 70 lbs. gross pressure it would require 


only 32.36 lbs. But each of these pounds 
would contain a little more heat,and would 
therefore represent also a little more fuel. 
Evaporating from feed at 120 deg., the 
heat to be added to make 18 lbs. pressure, 
is 1,062 units ; and to make 70 lbs., 1,086 
units must be added. This brings us to 
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the conclusion that the indicated horse 
power at the higher pressure would re- 
quire 6 per cent. less heat than the other. 

But the temperature of the steam at 
this higher pressure would be 80 deg. in 
excess of the temperature at the lower 
pressure. Efficiency of heating surface 
depends upon the difference between the 
temperature of the water in the boiler and 
the temperature of the gaseous products 
of combustion. The conducting power 
of the metal is also reduced by increase of 
temperature, and is nearly inversely asthe 
absolute temperature of the conducting 
medium. A difference of 80 deg. will 
therefore make a difference of, say, also 6 
per cent. on the amount of heat abstracted 
from a given weight of fuel. 

The extension of this calculation to 
higher temperatures gives similar results; 
we may therefore assume, as being practi- 
cally correct, that the cost in fuel for 1- 
horse power, without expansion and with- 
out loss or back pressure, is the same at 
whatever pressure the steam is produced. 
Further, we may, without appreciable 
error, take this cost as equal to the cost 
of 35 lbs. of steam produced at 184 Ibs. 


35 
pressure, and that this will require 1G=3-5 


lbs. of fuel. 
The next element is the reduction in 
efficiency caused by the loss of heat in 


blowing off where surface condensation is | ; 


not used. As this loss happens to be 
proportional to the effect of the steam 
when used expansively, I will leave it to 
be dealt with after that effect has been 
calculated. 

For the effect of expansion, I propose 
to assume that in every case, the steam 
will expand in the cylinder to atmospheric 
pressure, taking that as exactly 15 lbs. on 
the sq. in. In framing a rule for astand- 
ard such as this, we must not introduce 
any factor which does not exist as a defi- 
nite fact. Now, the pressure of steam for 
which the valves are loaded is, at least in 
passage steamers, a quantity so fixed that 
it can be made available for this purpose. 
The degree of expansion will, therefore, 
be assumed to be expressed numerically 
by the gross pressure of steam in boiler in 
atmospheres of 15 lbs. Example, 60 lbs. 


steam by gauge is a = 5 atmospheres, 
a 


and the expansion would be taken as 5 
times. 
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The effect of a given quantity of steam 
is, by expansion, increased by the follow- 


9 ° 
ing multiplier, 10 RP where R=ratio of 


expansion, when the steam is used without 
adding heat to it, or abstracting heat from 
it. As any addition of heat would be, in 
general, by steam jacketing, and, there- 
fore, would have to be drawn from the 
steam itself, we may apply this formula to 
our purpose as being nearly true, whether 
there is or is not a steam jacket. 

This multiplier contains a radical, and, 
in this form, is unsuitable for the calcula- 
tion of a standard nominal horse power. 
As a practical approximation to this mul- 
tiplier, I have constructed the following 
simple rule, appiicable only to expansion 
from 2 up to 8 times : 

Rule : From the number 18 subtract 
the ratio of expansion, multiply by the 
ratio, divide by 40 and add .85, or 

R (18—R) 

40 
a multiplier, which we will write = E. 

The following table shows the degree 

of approximation attained by this rule: 


( (i8s—R 


+ .85—effect of expansion, as 


85+R 


1.€50 
1.975 
2.250 
2.475 
2.650 
2.775 
2.850 
For steam above 120 lbs. gross the for- 
9 
mula E —10— ey COR be used. 
9 


By introducing more complicated con- 
stants, a closer approximation might have 
been obtained, but to do so would be ob- 
jectionable. 

It is requisite to have this rule in terms 
of pressure, the expansion being carried 
to atmospheric pressure = 15 lbs. 

Rule: From 270 deduct the gross pres- 
sure, multiply by the gross pressure, divide 
by 9,000, and add .85. Or, writing P for 
gross pressure— 

P(270—P) 
~ 9000 
multiplier. 

But this rule takes, as yet, no notice of 
loss by back pressure or by radiation, or 
from the variations in the temperature of 
the surface of the cylinder. The loss by 


-+- .85 = effect of expansion as a 
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back pressure per se should be propor- 
tionately less as the pressure P increases. 
But the other losses will then be propor- 
tionately greater. When expansion is 
carried further than to 15 lbs., there will 
in general be an increased effect produced, 
the loss by back pressure will be propor- 
tionately more, but the external radiation 
will not be increased. Upon the whole, 
therefore, I assume as a convenient ap- 
proximation not far from the truth, that, 
including average deficiency in boiler, the 
total loss of effect will be one-fourth of the 
evaporating power of the boiler. We have, 
therefore, to reduce the efficiency of the 
fuel from 10 Ibs. of steam to 7} lbs. of 
steam per lb. of coal. Dividing 35 by 7.5 
we get 42 lbs. of coal for an indicated 
horse power, without expansion and with- 
out loss. From the ton of coal per ft. of 
furnace front we will therefore have Fiscal 
= 20-horse power per ft. of front. 

I propose that this become the nominal 
horse power of the boiler, 20 times the 
total width of furnaces in feet. 

I now return to the loss by blowing off, 
where surface condensation is not used. 
Evaporating from feed water at tempera- 
ture 120 deg., and maintaining the salt- 
ness of the water in the boiler at twice 
that of sea water, the heat required per 
Ib. of steam made is (writing ¢ for tem- 
perature )— 
The latent heat 
Increase of temperature—120 + tf used, 

- e ” —120 + tin the water 


—— blown off. 
873+1.3 ¢ total expendi- 


ture. 
t—120 
1.3 t+ 873 
blowing off in parts of the total effect of 
the fuel. Calculating this we have 


At pressure = 1 atmosphere 8 per cent. loss. 
4 ” 2 atmospheres 10 <5 
3 " 12.5 


1113 —.7¢ t in the steam 


We have, therefore, = expense of 


ai “ce “e “ 


“s “ 5 “ 14.7 « “6 

“ “ 8 “ 168 * “ec 

On referring to the table given before 
for the effect of expansion, it will be found 
that these numbers are just 6 times those 
g.ven for the effect of expansion. In gen- 
eral, all new engines have surface con- 
densers, and for these there will be no 
reduction for blowing off. There is, how- 
ever, always come loss from this, even with 
surface condensers; but this, and a sup- 
posed equal amount by which in practice 





the blowing off, without surface conden- 
sers, will in practice exceed the rule I 
have given, I include in the one-fourth 
deducted for losses in general. 

If we write E for the effect of expansion, 
we have for the effect of blowing off the 
salt, the multiple, which we will write 


100-6E 
8=— 


We have now reached the engine, and 
the only measurement of which we can 
make any use is the diameter of the cylin- 
der. The speed of the piston, the degree 
of expansion, the proportion between 
cylinders in compound engines, the size 
of intermediate receiver, the angle of the 
cranks, are all to some extent elements 
involved in the expression of the horse 
power of the engine ; but these in differ- 
ent engines vary so indefinitely that no 
standard can be based upon them. Know- 
ing well that the engine would slip from 
me, I took the firmer hold upon the boil- 
er, so that we would be almost indepen- 
dent of the engine, so far as mere power 
of machinery is inquired after. 

The rule at present adopted for nomi- 
nal horse power is 30 circular in. of piston 
per nominal horse power, including all 
cylinders. This is the commercial nomi- 
nal horse power on the Clyde and in the 
North of England. It represents the horse 
power of 7 Ibs. effective pressure per sq. 
in., and a speed of piston 200 ft. per min. 

But on the Thames the nominal horse 
power is taken at the same pressure, 7 lbs., 
and at a speed of piston contracted for. 
Eighteen or 20 circular in. of piston, some- 
times less, is there a nominal horse power. 

I propose, as nominal horse power of 
engine, 10 circular in. of piston area, 
counting only the low-pressure pistons in 
compound engines. This corresponds 
with 300 ft. piston speed, and 14 lbs. pres- 
sure effective. 

The high pressure cylinders do not add 
to the power of the engine. A horse is 
no higher because you have used a step- 
ping-stone to get on his back ; the stone 
is not added to the height of the horse. 
So with the compound engine ; the high- 
pressure cylinder is only a stepping-stone 
dividing the work to be done, but not 
adding to it. To include all the cylinders 
may or may not be a convenience in the 
buying and selling of engines, but in a rule 
for horse power it introduces confusion, 
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and I apprehend that, even commercially, 
the high-pressure cylinders have no more 
claim to be included than the surface con- 
densers, or any other adjunct distinguish- 
ing a type of engine. 

As nominal indicated horse power, I pro- 
pose to add together the nominal horse 
power of the boiler and the nominal horse 
power of the engine. That is 


N.L.H a F 
I. P.= 7 + 20 ° 


where D’ is the sum of the squares of the 
diameters of the cylinders, and where 
there is surface condensation. When 
there is not surface condensation the 
pressure will seldom exceed 30lbs. steam 
by gauge, and I therefore, neglecting the 
the pressure, write 


Dp? 
N.LH.P. = +) +17} F, 


where there is jet condensation. 

This rule will run to be nearly equal to 
taking the speed of piston at 200 ft., and 
the effective pressure at 28 lbs. per sq. in. 
The pressure is high, but 300 is now a 
low speed, and as the rule is not expected 
to be the true measure of power, but only 
an understood and convenient standard 
of reference, its position, a good deal above 
the old school and a little below the new 
practice, may be found a suitable one. 

But I have also given a rule for nominal 
expansion horse power. I propose that 
this should differ from nominal horse 
power of engine, and take notice of the 
pressure to which the safety-valves are 
loaded. I do not think it necessary that 
all of these should be established as rules, 
but I have brought them forward under 
distinct names to show the different ways 
in which we might work out the required 
improvement in nominal horse power. 
In applying the rule for nominal expansion 
horse power, I propose to alter the value 
of Pin the proportion that the nominal 
horse power of the engine is greater or 
less than that of the boiler. The reduc- 
tion for blow-off will also be made on the 
altered P for convenience in working out the 
calculation, and also because that by doing 
so we slightly increase the effect when the 
degree of expansion is reduced, and de- 
crease the effect when the degree of ex- 
pansion is unduly increased. When there 
is not surface condensation, there is not 
this compensating element in the rule. 
But it will generally be found that where 





surface condensation is used, the engines 
will be fitted with steam jackets and other 
adjuncts, which will maintain the efficien- 
cy nearly equal to that given by the rule 
when the engines are larger, and will not 
be so much required, although still costing 
nearly as much when the engines are 
smaller. Therefore, the diminished loss 
by back pressure is in a measure counter- 
balanced by the greater proportional cost 
of jacketing and other adjuncts. I there- 
fore think, that, without erring in a great 
degree, we may throughout apply the rule 
as for a constant proportion of loss. 

The following condensed statement of 
these rules and explanation of the letters 
and examples will make clearer what has 
been discussed in this paper:— 

D? = Sum of squares of diameters of cylinders 
—(do not include the high-pressure cylinders of 
compounds). 

F = Sum of widths of furnaces in feet. 

od = Nominal horse power of boiler. 

10 

D? , 

jo -+ 20 F = Nominal indicated horse power 


= Nominal horse power of engine. 


with surface condensation. 
D? 
10 ; 
with jet condensation. 


+ 17} F = Nominal indicated horse power 


To illustrate these rules, take a pair of 
surface condensing engines, 72 in. cylin- 
ders with boilers having 76 ft. total width 
of furnaces. 

D*? =72 x 72 X 2 = 10363. 
2 


Nominal horse power of engines= |" = 1036.8 


Nominal horse power of boilers 20 t = 1520 


Nominal indicated horse power 


Again, take two sets of compound en- 
gines, low pressure cylinders 78 in. boil- 
er, having 72 ft. total width of furnaces. 

D*? =7%8 X 78 X 2= 12168. 
2 

Nominal horse power of engines= > =1216.8 

Nominal horse power of rE — 1440 

Nominal indicated horse power......==2656.8 


These results agree very closely with 


| what is the average indicated horse power 


in engines corresponding to these dimen- 
sions, and I think they satisfy almost every 
condition essential for a system of nomi- 
nal horse power of marine engines. The 
calculation is simple, the data are fixed 
quantities generally known, and the re- 
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sults agree fairly with average practice. 
Further, the present nominal horse power 
can be easily transferred into the above. 

The other part of my paper is written in 
reply to those who may seek a rule that 
will take notice of pressure and expansion. 
If it is thought desirable to include these 
as elements in the calculation, the follow- 
ing are the rules I offer : 

D? and F are used as above. 

P = Gross pressure on safety valve, including 
atmouphere = 15 lbs. 


P= x00 F ® 

E = Effect of expansion as a multiplier, and is 
-the ** Nominal Steam Coefficient.” 

(270—p) 

E=p — +.85. 

$= Proportion of evaporative power of fuel 
available, after deducting for the blowing off the 
salt when there is not a surface condenser. 

s= 100—6 F, 

~ dou 

Nominal expansion horse power = 20 F E, with 


surface condensation. 
Nominal expansion horse power=20 FS E, with 


jet condenser. 
Take the same examples as before ; two 
cylinders 72 in. ; total furnace width = 
76 ft.; steam 40 lbs., with surface con- 
densers. ° 
P = 404+15=55. 
D? |, -72x72x2 











Pp = Door F = WU XxX ao x 55==37.5. 
(270—p), ¢. 37.5 (270-375) oe 
E=p— +855 + 85 = 1.8187 


This represents the nominal steam co- 
efficient, and 4% divided by this will give 
the nominal consumption per indicated 

4.666 


——— == 2.56 lbs. per 


horse power—viz., 
1.8434 





hour. 








Nominal expansion horse power, or N. 
E.H.P. = 20 X 76 & 1.8187 = 2764. 

And if with jet condensation, it would 
be this multiplied by 5S: 


8 =x 109 — EXLMSN) 01, 


N.E.H. P.= 2764 X .891 = 2463. 

Try now the compound engine, the 
same as before, 78 in. cylinders, 72 ft. of 
furnace width, steam 60 lbs. 

P= 60-415 = 75. 
_ D* ._78x78x2 

P= Zu F ~~ 200X72 

_ 3.4(270 — 63. 
pm P270—p) | 563-4270 63.4) | 950 30 


X75=63.4. 


This is the nominal steam coefficient, 
and 42 divided by 2.3 gives 2.024 lbs. the 
nominal consumption per indicated horse 
power per hour. Nominal expansion 
horse power or N.E.H.P.=2072X2.3= 
3,312. 

These results 2,764 and 3,312 agree very 
closely with the maximum indicated horse 
power of engines having these dimensions. 
I have not referred at all to non-condens- 
ing engines. When the rule for the others 
has been finally fixed, it will be easy to 
make a modification of it applicable to 
non-condensing engines with a blast 
draught. 

In conclusion, I beg leave to state that 
I offer what I have written on this subject 
as a contribution towards a settlement of 
the question—not as the settlement itself. 
I shall be glad if by the publication of 
this paper others of more ability are in- 
duced to take this matter in hand, and by 
their influence secure the general adoption 
of reasonabie rules for nominal horse 
power. 





It is a trying thing for an engineer to 
find that good and substantial bridges 
erected across rivers, which fulfil every 
duty demanded of them during one sea- 


INDIAN BRIDGES. 


From ‘The Engineer.” 


subjected. The conditions involved in 
this question are too numerous and too 
various to be easily disposed of. As may 
be surmised, the difficulty is one princi- 


son of the year, are utterly inadequate to | pally of foundations rather than of super- 
discharge those which fall to their lot 
during another. The remedy, which at 
first sight would appear simple and obvi- 
ous, would be to build a bridge which 
would withstand the influence of all the 
annual vicissitudes to which it might be 


| structures. The two extremes of drought 


and flood which occur periodically in In- 
dia have in many instances baffled all at- 
tempts to establish permanent bridges 
over some of the rivers. At one time the 





stream may be forded almost dry-shod, 
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while at another the channel exhibits all 
the violence and fury of a perfect torrent. 
Were the difficulty restricted to merely 
resisting a rush of water against the piers 
and abutments it would not be of a very 
formidable character, but there is a ca- 
priciousness in the manner in which the 
flood waters of Indian rivers behave, to 
which all those who have not witnessed 
it are entirely unaccustomed. The late 
sweeping away of railway bridges and 
embankments in the northwestern prov- 
inces of India afforded, unfortunately, 
but too many examples of the peculiar 
scouring and undermining power of floods. 
In some instances the course of the river 
was completely changed, and abutments 
which were originally connected with the 
mainland were left standing alone, like 
small islands, in the middle of the stream. 
Piers which were got in during the dry 
season, and sunk to a depth in the bed of 
the channel which appeared to render it 
impossible for them to be ever disturbed 
were scoured out, undermined, and tum- 
bled headlong into the river, carrying, as 
a matter of course, the superstructure 
with them. While, on the one hand, it 
cannot be denied that there are engineers 
of experience in India who are, or who 
ought to be, thoroughly acquainted with 
these local difficulties, yet, on the other, 
it is equally incontrovertible that both 
the design and construction of works of a 
most important character are constantly 
intrusted to men who are perfectly new 
to the country. It is not to be wondered 
at, therefore, that however well suited the 
works might be to the requirements of 
one country, they should be inadequate 
to those of another. The question which 
will now present itself is, whether engi- 
neers intended for service in India should 
not be specially trained there, in order 
that they should be able to acquire the 
knowledge of the physical peculiarities of 
the country, which can alone enable them 
to design and construct permanent and 
efficient engineering and architectural 
works? This is a matter into which we 
shall not enter at present. 

When the foundations are so insecure 
as to jeopardize the safety of the super- 
structure, the obvious course to pursue is 
to diminish as much as possible the num- 
ber of the piers, so as to present the 
smallest amount of resistance to the nat- 
ural violence of the torrent, or to the in- 





sidious action of the water upon the bed 
of the river. By throwing a bridge of a 
single span across a river the necessity 
for intermediate piers is removed ; but 
this solution of the difficulty can only ob- 
tain in exceptional instances, and is not 
susceptible of a general application. An- 
other method of effecting the same ob- 
ject is to employ a floating or pontoon 
bridge. This description of bridge has 
been proposed for crossing the Hooghly 
in the vicinity of Calcutta, and, failing any 
better plan for accomplishing the commu- 
nication from shore to shore, will, in all 
probability, be adopted. The idea is evi- 
dently identical with that of the old 
bridge of boats. In certain situations— 
such, for example, where the rush of wat- 
er during flood time was necessarily vio- 
lent—a bridge of boats would not answer. 
Neither could it be used in localities 
where the bed of the river was of a rocky 
character, as it would be nearly impracti- 
cable to secure the moorings, except at 
considerable cost. It must be admitted 
that a pontoon bridge presents many in- 
conveniences and disadvantages which 
have to be taken into account. In its 
simplest form it consists of a number of 
boats either moored together in contact 
or at certain intervals, and riding with 
double prows, so as to offer but little ob- 
struction to the stream or tide. The in- 
tervals are spanned by girders or smail 
bridges, some of which must be movable 
in order to allow of the passage of vessels’ 
when required. Wherever the bridge 
crossed a tidal river special arrangements 
would be necessary to insure constant 
connection with the shores, something af- 
ter the fashion that prevails in our own 
landing places on the Thames. This is 
comparatively an easy matter so long as 
accommodation for foot passengers alone 
has to be provided for; but it assumes a 
different aspect when the bridge is to 
serve for the purposes of general traffic, 
some of which must necessarily be of a 
very heavy description. A pontoon bridge 
is continually liable to be damaged by 
vessels which have got adrift. If, as 
sometimes occurs, the erection of a few 
piers in a river is considered seriously to 
interfere with the navigation, the sup- 
posed obstacle is increased to the greatest 
extent when the whole cross section of 
the channel is encumbered with a bridge 


placed a fleur d'eau. 
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Omitting all further consideration of 
the description of bridge we have briefly 
alluded to, the only remaining plan which 
enables the piers to be dispensed with, is 
to erect the structure in a single span. If 
this be a matter of necessity, as experi- 
ence has shown it to be in numerous in- 
stances, the question of cost is at once 
eliminated from the discussion, as it is 
the principle alone which claims atten- 
tion. It is generally admitted now that, 
except where no other means were avail- 
able, an engineer does not consider him- 
self justified in employing bridges of very 
large span. It appears that in India the 
necessity for bridges of single and conse- 
quently large span, does exist, and the 
question of first cost becomes merged into 
that of relative economy. In a word, is it 
cheaper, in the long run, to incur a large 
expenditure in the erection of bridges, or 
to pay periodically for the renewal and 
re-construction of those which, in the first 
instance, are not so expensive? This isa 


matter for the railway companies, who 
have seen their bridges and embankments 
swept away and gaps made in their lines 


which will interrupt the continuity of 
their traffic for a year or more. As there 
ave very few of the important Indian riv- 
ers which could be crossed by a bridge of 
one span—that is, in which all piers could 
be dispensed with—the chief point to be 
aimed at is to diminish the number of 
piers as much as possible. When we can- 
not altogether remove the cause of dan- 
ger, the next best thing to do is to lessen 
the chances of its occurring. The fewer 
the piers the fewer the number of open- 
ings or spans, and consequently the larger 
must be their respective dimensions. This 
brings us at once to the question, what is 
the largest span that can be used consist- 
ently with safety? It is not the largest 
economical span that has to be consid- 
ered, because, as we are discussing a prin- 
ciple, the cost, facilities for erection, and 
other particulars which materially affect 
the construction of bridges, are irrelevant 
to the matter at issue; but absolutely the 
largest span wlich can be put up. This 
again depends upon the type of bridge 
adopted. That which admits of the larg- 
est span, irrespectively of all other condi- 
tions, is unquestionably the suspension 
bridge ; but this system has not hitherto 
been proved to be adequate to the re- 
quirements of railway traffic. Whether it 





ever will be is a subject for future deter- 
mination, and one which will not be satis- 
factorily demonstrated by any other means 
than by an actual practical experiment. 
By a bridge adequate to the requirements 
of railway traffic we mean a structure 
which would allow the Scotch express to 
cross it at full speed, and not one that 
will merely allow a train to crawl over it 
at the rate of 4.or 5 miles an hour. In- 
verting the shape and reversing the strains 
of the suspension bridge gives the arch 
which is theoretically applicable to large 
spans. The conditions of headway and 
other practical disadvantages virtually 
render this system quite as unsuitable as 
the former. Moreover, in the case where 
torrents and floods are concerned, it may 
be accepted that a horizontal soffit is that 
best adapted to the situation. 

The point which it seems most desira- 
ble to arrive at, in the interests of perma- 
nent bridge building in certain districts of 
our Indian empire, is the limiting span of 
a horizontal girder. The present practi- 
ca] limit is that of the largest span of the 
Britannia Bridge over the Menai Straits, 
which amounts to 460 ft. Notwithstand- 
ing that we have made considerable prog- 
ress in the manufacture of iron, and in 
the designing and construction of bridges 
generally, since Stephenson’s time, yet his 
great work still remains, in this particu- 
lar, an uprivalled example of engineering 
skill and boldness. In that instance, as 
well as in those which have been alluded 
to in this article, there was an absolute 
necessity for a bridge of large span. 
There was no possible method of getting 
over the Straits without its adoption. It 
may be urged that the largest spans— 
namely, those of 460 ft. in length—might 
have been somewhat reduced by selecting 
a different route for the line, and crossing 
via the Swilly instead of via the Britannia 
rock. But as it is not quite certain whether 
this comparative saving could have been 
effected, it is more generous to give the 
eminent engineer the award due to his 
energy and ability than to detract from 
his merit by statements which are more 
specious than real. The limits to the 
span of a bridge—or, what amounts to 
the same, the limit to the length of a gird- 
er—will depend upon the material of 
which it is constructed. Bearing in mind 
that we are speaking solely of girders ca- 
pable of carrying locomotive traffic, the 
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D 
limit of span when cast iron is employed 
is very speedily reached in practice. This 
is no doubt owing more to the want of 
faith that engineers feel in the safety of 
the material than in any real deficiency of 
itsown. If perfectly sound castings could 
be procured—as, in our opinion, might be 
by the exercise of proper care and pre- 
caution—the application of cast iron to 
railway girders might be considerably ex- 
tended. Although there are numerous 
examples of cast iron girders in the older 
railway bridges in the vicinity of London 
having spans of 60 ft. and 70 ft., that have 
done their duty for many years, yet it is 
rare that one of those dimensions is erect- 
ed now. Engineers have either grown 
more timorous, or else have less confi- 
dence than formerly in the resources of 
the foundry. It has been proved by ex- 
periment that so long as the permanent 
way of the line is kept in good order, and 
the rolling stock also, there is not so 
much to dread in the force of impact as 
has been sometimes supposed. 

But in order to obtain a girder of a 
length which will afford some hope of 
spanning a river of considerable width at 
one leap, recourse must be had to the 
great constructive material at the disposal 
of engineers—namely, wroughtiron. The 


limit to the length of a girder will vary as 
the proportion of the span to the-depth, 
the weight, and the factor of safety used 
in calculating its strength. Mr. Stoney, 
a good authority on this subject, estimates 
that the practical limit to the length of a 
wrought-iron lattice girder is attained at 
700 ft., which, it must be admitted, is a 
very respectable span. But a still further 
increase in the length of a girder could be 
obtained by the use of steel, plates of 
which material are now manufactured 
nearly as cheaply as the best descriptions 
of wrought iron, and possess the advan- 
tage of being nearly twice as strong. 
With a safe working tensile strain cf 8 
tons per sq. in., which is a low value, it is 
not too much to assert that there would 
be no real difficulty in building steel gird- 
ers 1,000 ft. in length. A bridge of 5 
spans to the mile would have little to fear 
from the interruption of the waterway, or 
the effect of a flood. A few more years 
will suffice to show whether the policy of 
adoption of bridges of large spans in In- 
dia will not prove better economy in the 
end than the erection and subsequent re- 
pair and renewal of comparatively smaller 
works, which, when exposed to the vio- 
lence of floods, have already afforded such 
signal instances of complete failure. 








ON THE CONSTRUCTION OF VESSELS, IN RELATION TO THE 
CHANGED MODES OF NAVAL WARFARE. 


By Captais JOHN HARVEY, R.N. 


From ‘‘The Journal of the Society of Arts.”’” 


As the Council of our Institution have 
directed attention to the building of ves- 
sels for coast defence, and to the effect 
that torpedoes may have on naval con- 
struction, I venture to express opin- 
ions I have long entertained—and in 
which, I should add, I am not singular— 
as to the change that the employment of 
torpedoes will, in all probability, induce 
in the navies of maritime States. 

Though the torpedo is not a novelty, 
its destructive capabilities were not duly 
appreciated till the late American conflict, 
when, of the war vessels disabled or de- 
stroyed, about three-fourths of them were 
so disposed of by torpedoes; cannon were 
comparatively inoperative. The torpedoes 
used by the Americans were, however, 


| not the perfect war engines they now are; 
and, moreover, they were mostly of a 
stationary kind, consequently were only 
operative when a hostile vessel came in 
contact with them, or within their sphere of 
operative action, which, unless the charges 
they contain are extraordinarily large and 
energetic, is very limited. We have now 
to deal with torpedoes that will be used 
actively, and which admit of extensive ap- 
plication. The defence of our seaboard 
is, doubtless, an important matter ; but 
our commercial marine is, perhaps, no 
less important, and to which we should 
look, as it is thought to be our vulnerable 
point ; for in the present state of naviga- 
tion, it is much more difficult of protection 





than it was in days past. 
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If, therefore, I have taken a correct 
view of the subject, I should advise the 
construction of 3 classes of vessels, ex- 
pressly for torpedo service : one class for 
harbor and river service, another for 
service in the narrow seas, and another 
for service upon the ocean and for foreign 
parts. Those for harbor service and the 
narrow seas, I would propose should be 
built of iron; they should be comparative- 
ly small, ranging between 50 and 300 tons. 
Vessels for ocean and foreign service 
should be of greater tonnage and timber- 
built, with coppered bottoms. 

With so imperfect a knowledge as I 
have of naval architecture, I am incom- 
petent to furnish drawings and details of 
construction of vessels upon which, I 
think, we must, in due time, depend for 
the protection of our shores and com- 
merce. I will, however, remark that, in 
designing vessels for torpedo service, 
speed and handiness are essential condi- 
tions ; the perfection of such vessels will 
mainly depend upon those conditions 
being satistied. All that I can do in the 
matter is simply to state what is required 
in the contemplated constructions, 

The problem of the torpedo has not yet 
been solved in the manner it should be ; 
but the solutions arrived at show that our 
large, unwieldy vessels of war can be 
easily and certainly disabled or destroyed 
by vessels of comparatively very small 
dimensions. Looking carefully into the 
problem, as to the means of attack with 
and defence against torpedoes, it becomes 
evident that monster vessels will, in future 
wars, be in imminent danger at sea, should 
they encounter a foe well prepared for, 
and well practised in, torpedo warfare. 

I have thus endeavored to express 
briefly the firm conviction with which I 
was first impressed, so far back as 1844, 
by the destruction of a barque, of some 
400 tons, off Brighton. The barque was 
destroyed in deep water, by Captain War- 
ner, who used on that occasion a torpedo 
of small size, which he designated “ The 
Invisible Shell.” Had the experiment 
been differently conducted, by turning 
the barque adrift under sail in a strong 
breeze, and so operated upon, the result 
would, in all probability, have gained the 
attention of the British public ; but, con- 
ducted in the manner it was, it failed to 
sbow the practicability and importance of 
“ The Invisible Shell.” Enough, however, 





was shown to convince naval men who 
studied the subject, that in the then alter- 
ed state of navigation, “The Invisible 
Shell” was a kind of arm that could be 
used with destructive efficacy by small 
and handy steam vessels, with something 
like absolute impunity, against the larg- 
est vessels of war armed with cannon. 

In conclusion, I would say that, as vari- 
ous maritime States are availing them- 
selves of the inventions for the purpose 
of attacking, not the top-sides, but the 
bottoms of vessels, we should do well to 
be fully prepared for such mode of attack. 
Taking that view of the matter, we ought, 
for self-preservation, to be provided with 
vessels adapted to the service of, and 
armed with, torpedoes. With officers and 
men well practised in the management of 
these engines of destruction under varied 
conditions upon the ocean, we may reason- 
ably reckon upon an unmolested state of 
our shores, and, to a great extent, the 
protection of our commerce. 





REPORTS OF ENGINEERS’ SOCIETIES. 


NSTITUTION OF MECHANICAL ENGINEERS.— 
The general meeting of the members of this In- 
stitution was held on Thursday, the 2d inst., in the 
Lecture Theatre of the Midland Institute, Birming- 


ham. 

Riveted Joints.—The adjourned discussion took 
place upon the paper read at the last meeting, ‘On 
the Strength and Proportions of Riveted Joints, 
with the results of some recent experiments,” by 


Mr. Walter R. Browne, of Bristol. The particu- 
lars were given of some additional experiments that 
had been made by Mr. Kirkaldy, for Messrs. Wright, 
upon the relative strength of diagonal-jointed boil- 
ers as compared with those having the ordinary 
longitudinal joints, the result being that the 
strength of the diagonal joint was found to be one- 
third greater than that of the longitudinal joint, 
thereby increasing the strength of the boiler in the 
proportion of 3 to 4. The results were also given 
by Mr. John Cochrane of a series of experiments on 
the relative loss of strength consequent upon punch- 
ing or drilling the rivet holes in plates and bars, 
showing that no advantage in respect of strength 
was gained by drilling the holes, provided the 
punching was done with sufficient care. 

Siemens’ Steam Jet.—A paper was then read “On 
a Steam Jet for exhausting Air, etc., and the results 
of its application,” by the President. The form 
and application of the steam jet having remained 
hitherto essentially the same asin the original steam 
blast of the locomotive, it occurred to the writer 
that much might be done to improve its effect by a 
judicious arrangement of the parts, so as to avoid 
eddies in the combined current of steam and air, 
and to utilize more completely the initial momen- 
tum of the steam. These objects have now been 
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effectually accomplished by the employment of a 
very thin annular jet of steam in the form of a hol- | 
low cylindrical column, discharged from an annu- 
lar nozzle. The air to be propelled by the steam jet 
is admitted through an exterior annular orifice sur- 


rounding the jet, and also through the centre of the | 


hollow jet; and the area of the air passages is grad- 
ually contracted on approaching the jet, whereby 
the velocity of motion of the entering air is so much 
accelerated, before it is brought in contact with the 
steam, as to avoid the great difference in the veloc- 
ity of the two currents, at the point where they 
come together, which caused the eddies that pre- 
viously impaired the efficiency of the steam jet. By 
the annular form of the steam jet the extent of sur- 
face contact between the steam and the air is great- 
ly increased, and the quantity of air delivered is 
by this means very much augmented in propor- 
tion to the quantity of steam employed. The com- 
bined jet of steam and air is discharged through 
an expanding delivery pipe of considerable length, 
in which its velocity is gradually reduced, and its 
momentum accordingly utilized by being converted 
into pressure. 

The improved steam jet has been applied for ex- 
hausting one of the pneumatic despatch tubes em- 
ployed at the Central Telegraph Station, in London, 
tor conveying the carriers containing telegraphic 
despatches from one station to another. The result 
of a comparative trial made with the steam jet and 
with a good steam engine and exhausting pump, 
has been found to be that the expenditure of steam 
is about the same in the two cases in doing the same 
work, the advantages of the steam jet being its 
very low first cost in comparison with that of the 
engine and pump, and also its great simplicity, and 
the small space occupied as compared with an en- 
gine and pump. 

Another application of the steam jet is to the 
lifting of water from a moderate depth, by employ- 
ing the jet to exhaust the air from a closed vessel, 
into which the water then rises under the pressure 
of the atmosphere, the height of lift depending upon 
the size of the jet and the pressure of steam, 
and the consequent degree of vacuum obtained in 
the vessel. The discharge from the steam jet being 
then admitted into the top of the vessel allows the 
water to escape through a delivery valve in the 
bottom, and aids in its expulsion. By using a pair 
of these vessels in conjunction, and putting “the ex- 
haustion jet in communication with each alternate- 
ly, by means of a self-acting float and reversing 
valve, one vessel is filling while the other is dis- 
charging, and a continuous delivery of water is 
thus obtained. 

It is also proposed to apply the steam jet for ex- 
hausting the vacuum pans employed in sugar-boil- 
ing, so as to dispense with the present costly vacu- 
um pumps and steam engine, and the condenser for 
condensing the vapor from the evaporating pan; 
the supply of condensing water, which in many 
places in the sugar-growing colonies is a considera- 
tion of vital importance, will thus be rendered un- 
necessary. The steam jet is further expected to 
prove very useful for draining the molasses from 
the sugar, by exhausting the air from below the 
perforated bottom of a strainer containing the un- 
drained sugar, whereby the present modes of drain- 
ing by gravitation or by centrifugal strainers can 
be superseded with advantage. 

Numerous applications have been made of the 





steam jet as a blower for accelerating the distilla- 
tion of fuel in gas-producers for heating purposes, 
the jet being admitted into the space underneath 
the fire-grate, which is enclosed by doors. By this 
means it is found that coal dust of the most infe- 
rior description may be used, and the rate of pro- 
duction of the gas is doubled, while, at the same 
time, its quality is improved, owing to the genera- 
tion of hydrogen from the steam which enters in- 
termingled with the air. 

A specimen was exhibited of the steam jet appa- 
ratus; and the particulars were given of the pro- 
portions which have been found by experiment to 
be attended with the greatest efficiency, rendering 
the jet capable of realizing results comparable with 
those obtained from a steam engine working an air 
pump.— Engineering. 





TRON AND STEEL NOTES, 


Quen OF THE BritisH Iron TRADE.—We take 
the following from the “ Iron and Coal Trades 
Review” of May 22d: 

The nature of the reports received from our 
trade correspondents in the various districts leads 
to the conclusion that, notwithstanding the rapid 
movements of the past 12 months, the upward 
limit in the prices of iron has not been reached. 
The increased demand for iron is general over the 
world; the last flush of activity was not stimulated 
by speculative operations; stocks had everywhere 
been allowed to decrease, until there was only suf- 
ficient to meet a moderate consumption, and totally 
inadequate for the increased demand when it came. 
Railway enterprise is now again in the ascendant, 
but, of course, there is not much to be done in our 
own country, though, if the aggregate weight of 
iron required for tram rails and new lines were es- 
timated, it would undoubtedly represent a large 
tonnage. Engineering works of great magnitude 
are also being carried out in all parts of the world, 
which are using a good deal of British iron. The 
expansion of our home trade is exercising a stimu- 
lating effect upon the iron trade, and altogether it 
would seem as if the demand for iron must for 
some time to come be greatly in excess of the power 
of supply, which is limited by a variety of circum- 
stances, and, in consequence of the aspect of the la- 
bor question, is restricted far beyond what it might 
be if the men as a body would only work with 
greater regularity. No one acquainted with the 
trade will maintain that the existing state of things 
is at all heaithy or satisfactory. We are, indeed, 
figuratively seated upon a voleano, which may 
“bust up” even more speedily than even Lord 
Shaftesbury anticipates. The reaction — come when 
it will—will be severe, and it behooves every one to 
be prepared for it. At present it seems that this 
reaction will arise from the exorbitant demands of 
workmen. Every additional concession only paves 
the way for a new demand, which, if conceded, 
comes upon the consumer, and increases the cost 
of commodities. This system carried on through- 
out our productive industries, means such a rapid 
advance in prices that a limit must soon be reached. 
Already, as we have said elsewhere, the margin 
for profit is less than it was when prices were 
far lower; by pushing things a little further, the 
profits will be all absorbed, and then a reaction will 
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soon set in. It is possible that this may bring about 
a gradual re-adjustment of prices, but, on the other 
hand, it may lead to gigantic struggles between 
capital and labor, which have often occurred previ- 
ously, when there was a sudden change in the con- 
dition of trade. Some people set themselves up as 
prophets in general for the iron trade (though we 
have a shrewd suspicion that their views are often 
regulated to some extent by what will best suit 
their contract books, and naturally they look at 
things through a somewhat distorting medium), 
and assume an injured tone if their predictions are 
not at once credited. But the business of a prophet 
is not valued very highly in the iron trade, espe- 
cially as a number of persons have very good oppor- 
tunities of making themselves acquainted with fu- 
ture prospects as far as any one can reasonbly judge 
of such matters. We fail to gather from the oracu- 
lar views that have been yet published, when and 
how the next reaction is to be brought about. If 
the authors would descend to more precise details, 
the value of their prophetic statements would in 
the future be more readily estimated. 

The number of new companies connected with 
the iron and coal trade, now offered to the public, 
continues unabated. Every week brings a fresh 
crop, some good and others presenting a less prom- 
ising field for the investor. Many of these new 
concerns are simply transfers from a private to a 
public proprietary, in which case the amount of cap- 
ital involved remains pretty much the same. 


| gene products of Bavaria show that this little 


kingdom, which is not considered a rich mineral 
country, possessed, in 1870, 746 mines, of which 265 
were actually worked. Their produce of 512,910 
tons was raised by 4,370 men, and had a value of 
£258,700. In addition, 7 salt works produced with 
509 men, 46,689 tons ot salt, worth £78,648, and 75 
smelting works employed 3,629 men, producing 
118,150 tons, worth £114,566. The minerals raised 
at the mines consisted of coal, 361,303 tons; lignite, 
81,504 tons; ironstone, 97,030 tons; iron pyrites, 
1,966 tons; graphite, 680 tons; ochre and paint, 
1,031 tons; china clay, 2,206 tons; fire clay, 13,998 
tons; soapstone, 229 tons; corundum, 68 tons; 
fluorspar and barytes, 1,565 tons; slates, 1,500 tons ; 
and £1,066 of gold. The smelting works produced 
pig iron, 43,968 tons; iron-castings, 11,633 tons; 
bar iron, 60,278 tons; plate and sheet iron, 1,799 
tons. The greatest iron works are those of Max- 
milian’s Hutte, near Regensburg. Bavaria is pro- 
vided with large quantities of ironstone, particular- 
ly hematite and oolitic ore, but incapable of utiliz- 
ing the same to advantage for want of mineral fuel, 
which must be imported either from Westphalia or 
Saxony. 


M* Van Roth, Inspector of Mines for the Dutch 
Government, has devised a method of printing 
from iron in such a manner as to show its fibre, and 
give a correct picture of the same for comparison or 
reference. The sample of iron whose fibre is to be 
examined, is first planed so as to expose a suitable 
section, through any desired point; this section is 
immersed in muriatic (hydrochloric) acid for such 
time as is necessary to eatout the cinder; this time 
varies from 6 hours to 24 hours, according to the 
strength and temperature of the acid solution. The 
cinder is attacked in a more rapid manner then the 
fibre of the iron, and the effect is that the fibre is 





left in relief—in fact, an etched plate is formed, 
from which, by suitable ink or other substances, an 
engraving may be printed, showing every fibre of 
the iron in a clear and distinct manner. The ap- 
plication of this simple process is too obvious to 
need much description. Whenever the formation 
of piles in a rail, round or other section of iron is 
required, here is a quick and handy method for dis- 
covering it. As a means of studying the alteration 
of fibre in the neighborhood of welds, it is invalua- 
ble. It may also be applied in supplying informa- 
tion in relation to M. Tresca’s valuable memoirs on 
the flow of solids. 


RON AND STEEL MANUFACTURE.—At a recent 

meeting of the Chemical Society, Mr. E. Riley 

delivered a lecture of which the following is an ab- 
stract : 

The lecturer in his discourse treated of the influ- 
ence of the elements associated with ironin the pig, 
and the part they play in the subsequent conversion 
of pig into wrought iron and steel. Although in 
certain districts there is not much variation in the 
pig made, the same ore and fuel being constantly 
used, yet in others, us South Wales and Stafford- 
shire, so many varieties of ore are employed that 
pig of all descriptions is produced. From the results 
of the analysis of samples of Yorkshire hot-blast 
pig (No. 1 to 6 iron) from the same works, it would 
appear that whilst the phosphorus is almost constant 
in all the kinds, namely, about 0.9 per cent., the 
quantity of sulphur decreases and that of silicon 
increases with the number. It is possible that the 
differences in the amount of sulphur present would 
explain the differences in the quality of the pig, for 
it is certain that sulphur makes gray iron white ; 
but, at the same time, the different numbers of 
gray iron may be produced by differences in the 
rate of cooling. On examining the pigs from which 
the best wrought iron is made, they will be found 
to contain silicon and phosphorus. Swedish iron, 
which contains no phosphorus and but little silicon, 
when used by itself, gives red short iron. It will 
be seen from this that silicon and phosphorus play 
an important part in the manufacture of iron. 
Hematite pig frequently contains as much as 4 or 
5 percent. of silicon. The chief constituents of pig 
iron are, besides iron, carbon, silicon, sulphur, phos- 
phorus, and manganese, traces of copper and tita- 
nium (the latter only in gray iron), frequently nickel 
and cobalt, and occasionally vanadium and arsenic. 
The percentage of carbon in pig iron varies from 3 
to 4 percent., but the question as to whether it 
forms any definite compound with iron is open to 
great doubt. Mr. Snelus has shown that by sifting 
out the finer portions from the borings of Middles- 
boro’ pig a material could be obtained containing 7 
per cent. of carbon, and by elutriation one contain- 
ing more than 41 per cent. The sulphur seems al- 
ways to be derived from the sulphide of iron pres- 
ent in the fuel or ore, but from some experiments 
it would seem that an excess of lime may act on the 
sulphide in the coke and convert it into sulphide of 
calcium and metallic iron. Silicon is always pres- 
ent to a greater or less extent in iron. With respect 
to phosphorus, practically speaking, all that is 
present both in the ore and in the fuel passes into 
the iron. After some remarks on the comparatively 
small value of titanium as an ingredient of iron, 
the speaker discussed the quality and composition 
of the fuel employed in smelting, and then passed 
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on to the process of refining. The time required 
for this seems to depend on the quantity of silicon 
present in the pig, much of it being separated dur- 
ing the operation, along with some sulphur and 
phosphorus, and a little carbon. The. process of 
puddling was then described, and the merits of the 
various machines for superseding manual labor dis- 
cussed, with especial reference to the results obtain- 
ed with that of Mr. Danks; the great advantage of 
machine puddling being the uniform quality of the 
wrought iron made. In conclusion the author 
made some remarks especially with reference to the 
occurrence of silicon in steel. This elaborate and 
exhaustive memoir was copiously illustrated by 
analyses. 





RAILWAY NOTES, 


HE GENTRY ELectric RAmRoap Car.—The 
Nashville “Banner” says: The committee of 
scientific gentlemen appointed by the Board of 
Managers of the Nashville Industrial Exposition, 
to consult with the inventor of the lightning rail- 
road, made report to the Board on Friday evening. 
The engine is composed of a number of magnets so 
as to obtain a motive power of 850 ibs., or a 1-horse 
power. The armature is made to work similar to 
the pitman of sewing machines, and takes the place 
of the piston of a steam engine. This works by 


breaking and closing the circuit—by the manipula- 
tion of a short, easy working lever, worked easily 
by the fingers of the hand, and so fast that the 
movement at either extremity is imperceptible to 


the eye, but makes it appear as a solid piece, like a 
red hot rod or burning stick appears as if moved 
rapidly by the hand, a beautiful phenomenon often 
indulged in by children, This armature rapidly 
turns a driving wheel, similar to that upon Hoe’s 
printing presses, by which an additional power is 
obtained by its momentum, and this works the 
wheels under the car, which propels it at a very 
rapid rate. The road being elevated upon a single 
row of poles, it is as level as a die, and the cars are 
consequently moved with the greatest ease. The 
engine working as fast as lightning, the cars can be 
driven at a tremendous rate of speed. We should 
think 100 miles per hour would be easily made; 
but they can be driven as slow as desired. 

The inventor designed his invention to be used in 
carrying mails and express packages, which can 
easily be done at the rate of 100 miles per hour, but 
the electro-magnetism, as a motive power for small 
machinery, will make the invention more useful and 
important. 

The model exhibited to us shows the road, upon 
poles set in the curbstone or edge of the pavement, 
with safe and easy stairway to ascend to or descend 
from the cars. The single line of poles supports a 
double track for cars to run in opposite directions : 
the telegraphic lines of the different companies and 
of the fire-alarm telegraph and gas lamps to light 
the street. It is made very light, so that it will 
not obstruct the street, but add to its beauty, and 
do away with the old-fashioned tramway street 
cars, the dread of owners of vehicles and the impe- 
diment of commercial intercourse in all cities. The 
cars will run noiselessly, and are the very thing 
needed upon all crowded thoroughfares. Mr. Wil- 
liam D. Gentry, the author of this invention, is the 

* 





mangger of the Pacific and Atlantic Telegraph Of- 
fice in this city; has been a practical telegraph 
operator 25 years, and is one of the oldest operators 
now living. He has devoted 8 years to the devel- 
opment of this invention. A working model, large 
enough to carry passengers or freight, will soon be 
put into practical operation. 


HE RAILROADS IN THE UNITED StTaTEs.—The 
number of miles of railroad now constructed in 
the United States is nearly 65,000. Of this, there 
are in Illinois 6,000 miles, Pennsylvania 5,300, 
New York 4,500, Ohio 4,000, Indiana 3,800, Iowa 
3,400, Missouri 3,000, Michigan 2,300, Georgia 
2,000, Wisconsin 2,000, Kansas 1,900. Then come 
Massachusetts, Virginia, Alabama, Tennessee, and 
Minnesota, about 1,600 each, while the rest of the 
States and Territories have each 1,200 or 1,000 
miles and less. A peculiar and significant fact is 
that in the year 1871 alone, nearly 7,000 miles of 
new road were constructed, a number surpassing 
that of all the miles of railroads existing in the whole 
of the United States, only 23 years ago, when their 
sum total was nearly 6,000 miles. To keep these 
roads in repair requires 400,000 tons of rail per 
year, of which 3 parts are re-rolled rail,and 100,000 
tons new iron; but as there are yearly some 7,000 
miles of new road made, it requires over 1,000,000 
tons of new rail; in fact, we are short of iron, as 
the demand for this article exceeds the production. 


o> RAILWAY FoR ComMOoN Roaps.— 
The largely increased amount of useful work 
that can be obtained for each horse employed in 
drawing heavy loads when a tramway is used, can 
be daily seen by any one who thinks proper to watch 
for a few moments the running of the handsome 
and commodious passenger cars with which many 
of the metropolitan suburbs are now provided. 
With the old-fashioned omnibuses, even those of 
the lightest and most approved construction, a pair 
of strong horses have quite enough to do to draw 
the vehicle with a dozen persons inside and 14 out- 
side, making 26 passengers in all; whilst on the 
tramways a pair of lighter horses draw a heavier 
vehicle with 22 passengers inside and 24 outside, 
making 46 passengers in all, with comparative ease. 
The reason of this is simple enough—the traction 
varies with the smoothness of the road on which the 
wheels of the vehicle travel; so that whilst the 
traction upon the best constructed road is between 
30 and 40 lbs. to the ton, it does not exceed 7 lbs. 
or 8 Ibs. to the ton on a properly laid railway. The 
advantage, then, of railways, wherever there is 
sufficient traffic to keep them constantly in use, 
cannot be questioned, for they provide at once a 
rapid and convenient means of transport, and one 
which, moreover, is remarkably economic after the 
first cost, necessarily a large one, has once been in- 
curred. 

But it is not everywhere that there is traffic fora 
railway, and an idle line is the very reverse of re- 
munerative to those who have provided the funds 
for its construction. To meet such cases as these 
Mr. Wm. Pidding, of Bedford square, has invented 
a system of portable rails, which secures to every 
carriage its own tramway, and which may be used 
with equat facility mage any ordinary road, whether 
macadamized, paved, or asphalted. During the 
past week an opportunity has been afforded for in- 
specting the practical application of the invention, 
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Mr. Pidding having constructed a vehicle with his 
portable rails attached. The carriage wheels, which 
are only about 21 in. diameter, and are fixed to the 
axle beneath the springs in the ordinary way, run 
upon what may be popularly described as the inside 
of the tyres of a second pair of wheels, of sufficient 
size to permit the small wheels to rotate between 
tyres and the naves of the large ones. This larger 
tyre, which forms the portable railway, is made up 
of a series of long and short segments, each care- 
fully shod with india-rubber, or which may be 
constructed of steel, formed into a band chain, one 
or another portion of which is, of course, always in 
a position ready to receive the running wheel; the 
portion which has served the purpose of a tramway 
as constantly passing round the periphery of the 
large wheel to regain its position in front of the 
running wheel. One great advantage of the in- 
vention is that the external appearance of the car- 
riage is not at all altered—an objection which has 
done much to prevent the introduction of endless 
railways generally—and Mr. Pidding’s is certainly 
as neat and compact an arrangement as we have 
seen.— Mining Journal. 





ENGINEERING STRUCTURES, 


USTRALIAN TELEGRAPHY.—The Sydney Cham- 
ber of Commerce has passed a resolution for co- 
operating with the Melbourne Chamber in urging 
upon the Governments of Victoria and New South 
Wales the duty of aiding Queensland to guarantee 
interest to any company which will lay a cable 
from Normanton to Java.. Despatches have been 
received at Adelaide from Mr. C. Todd, superin- 
tendent of telegraphs in South Australia, who had 
proceeded to the Northern Territory to personally 
supervise the completion of the great overland tel- 
egraph. Mr. Roper gives a glowing account of the 
Roper river, which, he says, can be navigated by 
large steamers for a distance of 100 miles from its 
mouth. The construction of the overland telegraph 
is being pushed on, and the line will, Mr. Todd 
hopes, be finished by the end of June or July. 
W ATER SUPPLY OF AUCKLAND (N. Z.).—Mesers. 
Brogden & Sons have undertaken to go into 
surveys for the purpose of ascertaining the cost of 
supplying Auckland and its suburbs with water 
from the Nihotupu stream. They propose eventu- 
ally to submit a tender for the execution of any 
works which may be contemplated. Should the 
city council accept this tender, no charge will be 
made for the preliminary survey ; if, however, they 
reject it, the actual cost of the surveys, and no 
more, will be charged to them. 


’EwW ZEALAND TELEGRAPHY.—A telegraph line 
between the Thames and Tauranga was fast 
approaching completion at the last dates from 
Auckland, New Zealand. <A statement as to the 
working of the telegraphs throughout New Zeal- 
and shows a large increase in the number of mes- 
sages sent during the past quarter as compared 
with the corresponding quarter of 1871. The in- 
crease in the revenue of the Government from this 
source is upwards of £1,500, or at the rate of £6,000 
per annum, 


ORDNANCE AND NAVAL. 


'(wEntTy-IncH SmooTH-BORE GUN FOR THE 

RussIAN GOVERNMENT.—It has been known to 
artillerists in this country for some time that Russia 
has been making great efforts to produce very heavy 
guns, but few or no particulars concerning these 
guns have reached this country. We therefore en- 
deavor to supply this deficiency by supplying the 
latest information which has reached us in the form 
of a Russian publication, from which we have 
translated the following :—In that section of the 
late St. Petersburg Exhibition which was devoted 
to military art one of the most striking objects was 
the model, full size, of the gigantic 20 in. cast-iron 
gun, a smooth-bore cast at the ordnance works of 
Perm. This weapon was ordered by the Ministry 
of Marine, and is intended for the armament of 
large iron-clads. Up to the present time theredoes 
not exist in the whole of Europe such an enormous 
gun, and in America there are only 2 specimens 
like it. The Americans were the first to commence 
the manufacture of cannon of large calibre, and 
their success in this undertaking has commanded 
universal attention. After the Americans the pro- 
duction of cast-iron guns of large calibre began in 
our country in the year 1863, which undertaking, 
owing to the initiative of the Ministry of Marine, 
proved to be a perfect success, particularly as re- 
gards the production of 15-in. cannon. We have 
| now over 30 of these guns, which have turned out 
| on trial to be very strong. As regards the casting 
| of the 20-in. gun, the idea was conceived in 1869. 
| This plan has now been realized, and the gun is 
| quite finished and has been subjected to the most 
| severe tests. This result testifies both to the extent 
| of the means of production of the Perm Works and 
to the energy and knowledge displayed by the per- 
sons employed at that establishment. Although 
the Perm Works had been constructed with all the 
latest mechanical improvements, nevertheless the 
casting of such a monster piece demanded fresh 
means and appliances, the works having originally 
been intended for the production only of 15-in. 
guns, which a few years ago were being introduced. 
Besides the employment of new appliances, it was 
found necessary to make preliminary experiments 
of casting the metal in order to determine the con- 
ditions for effecting the same on an enormous scale. 
In reality the 20-in. gun differed so greatly in its 
size from all former guns, that these experiments 
became of the most vital importance. In consequence 
the manager of the Perm Works, Mr. Grasshof, 
resolved to cast an experimental block which would 
represent that portion of the 20-in. gun which ex- 
tends from the breech to the trunnions. This 
block was produced and weighed 1,409 pouds (234 
tons). In the process the system of inward cooling 
by water was adopted. Upon the examination of 
the surfaces of a dise which was cut out of the 
block, the grain of the metal was ascertained to Le 
faulty, Therefore another block had to be cast of 
the same size and weight, care being taken in the 
process only to alter the proportion of the compo- 
nent parts and to increase the cooling of the inte- 
rior, The examination of the second block showed 
more satisfactory results, Then a third block was 
cast, in the production of which a more rapid cool- 
ing was adopted and softer metal employed. The 
result of the third casting appeared so satisfactory 
that the latter was taken as a szmple for the pro- 
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duction of the 20-in. gun. Both the gun itself and 
the blocks were cast according to the Rodman sys- 
tem, somewhat modified by Mr. Grasshof. The 
substance of this system consists in this, that the 
piece is cooled by water gradually in concentric lay- 
ers from the inside to the surface, so thateach layer 
is contracted by the following ones as if it were by 
hoops tightly stretched one over the other. The 
contraction is supposed to proceed from this, that 
the particles of iron which are in a molten state are 
separated further from each other than in the metal 
which has just been cooled. Besides, in the Rod- 
man process recourse is had to outward heating. 
Mr. Grasshof cast the 3 first blocks, abandoning the 
outward heating process; but wishing to render 
his experiments more satisfactory, he came to the 
resolution to cast a fourth block, employing the 
same method as with the third one, but introducing 
the outward heating. By comparing these two blocks 
together the superiority of the third block was 
clearly demonstrated, and therefore Mr. Grasshof, 
in casting the 20-in. gun, resolved to adopt the pro- 
cess of inward cooling, and to abandon the outward 
heating. The operations were conducted as follows: 
Six furnaces were prepared containing 711 pouds 
(about 114 tons) of cast iron in each. The molten 
mass was run into the mould from 2 furnaces at 
once, one opposite the other. This process continu- 
ed for 21 min., and after the expiration of 10 hours 
water was applied. The finishing of the gun took 
8 months and a fortnight. The weight of this 
weapon in a finished state is 2,750 pouds (4433 tons). 
The weight of the projectile to be employed—a cast 
iron spherical one—is 28 pouds (9 ewt.). In trying 
the gun in all 313 rounds were fired, the normal 
charge of prismatic gunpowder being about 117 lbs. 
English. The experiments of firing were conduct- 
ed on the river Rama, the high bank across the 
stream serving as a butt, which was at a distance of 
about 1,400 yards from the gun. The weapon was 
placed under an iron-plated covering of a peculiar 
construction. On the discharge of the piece the 
concussion of the air was so great that in the village 
of Matoriloro, sitnated at a distance of half a verst, 
the chimney stacks fell in when the wind was blow- 
ing in that direction. The sound itself, although 
loud, was not deafening, and persons standing even 
under the iron-plated covering were able to support 
both the noise and concussion of theair. The iron 
gun-carriage for this piece was manufactured at the 
Kamsko-Votkinsky Works, according to the de- 
sign of Mr. Pestich. The weight of it is400 pouds 
644 tons). The breech of the gun is elevated and 
depressed by means of a screw ratchet key. For 
facilitating the running forward of the gun a sys- 
tem of cog-wheels is introduced, and for the dimi- 
nution of the recoil, and the hoisting of the charge 
and projectiles, special appliances are provided. 
The moving of this enormous mass of iron can be 
effected easily by 3 men. After the introduction 
into the military art of rifled cannon the conviction 
became established of their unconditional superior- 
ity over the smooth-bores. As regards gunsof small 
calibre this opinion may very likely be correct; but 
with respect to naval guns of the largest calibres, 
it would be difficult to give the preference either to 
the one or the other system. Without going into 
particulars of the merits or demerits of the one or 
the other description of weapon, we will point to 
one important difference in the effect of the spheri- 
cal projectiles of the smooth-bores and the oblong 





ones of the rifled guns; the latter will hit an iron- 
plated target at a greater distance than the former, 
and, so to say, piercing it through; on the other 
hand, the former will produce a far greater amount 
of concussion, shaking loose the rivets of the plates 
and bolts of the target, and bounding on the plates 
and cracking them. Besides the ditference in the 
destructive action of these weapons, there is an 
enormous difference in the cost of production. 
Thus, for instance, according to the statement of 
Mr. Grasshof, the price of a 20-in. smooth-bore gun 
will cost when produced in quantities 8,500 roubles 
(about £1,570), whereas an 11-in. steel rifled piece 
corresponding to the same could not be produced 
under 40,000 roubles (£6,000)—Hngineer. 





BOOK NOTICES, 


DICTIONARY OF CHEMISTRY. By HENRY 

Watts, F.R. S., B. A., &c. Supplement. 
Longmans, Green & Co., London, 1872. New 
York: D. Van Nostrand. 

English chemists will hail with gladness the ap- 
pearance of the supplemental volume to “ Watts’ 
Dictionary.” It was evident almost before the 
completion of the last volume of the original work, 


| that a supplementary volume would be required 


very shortly. In these days of progress, chemical 
books are quickly left behind, and it needs ener- 
getic measures for our literature to keep pace with 
fresh chemical discoveries. Chemistry has much 
to be thankful for at the hands of Mr. Watts. The 

resent volume brings up our knowledge to the 
end of 1869, and also includes several additions, 
corrections, etc., which have appeared in 1870 and 
1871. The scope of this volume is, as in former 
volumes, sufficiently wide; the contents are not 
entirely confined to chemistry, but include articles 
on electrieity, heat, light, etc. The connection be- 
tween these subjects and chemistry is so close that 
no book would be perfect which did not enter into 


|and explain some of the effects caused by these 


forces. ‘The plan of Watts’ Dictionary is too well 
known to require any comment. The present vol- 
ume is strictly a continuation of the former ones ; 
and, as time rolls on, other supplemental volumes 
will be required to make this record of chemical 
history complete. As it is, we now possess in 
Watts’ Dictionary a complete account of chemical 
discovery up to the end of 1869; and in the ab- 
stracts of foreign papers published by the Chemical 
Society we have a contemporaneous record of all 
new facts, beginning, however, with the year 1871. 
It is, perhaps, unfortunate either that Mr. Watts 
did not bring out his supplement one year later, or 
that the Chemical Society did not commence their 
extremely valuable work one year earlier. At the 
present time, therefore, we have one year to a cer- 
tain extent unrepresented. We have, however, 
gained a great step; instead of having to wait 2 or 
3 years for the appearance of the “Jahresbericht,” 
we have now the abstracts of foreign papers a month 
or so after their publication. It is worthy of re- 
mark that Mr. Watts’ Dictionary has outstripped 
the “ Jahresbericht,” the third volume of which, for 
1869, has not yet appeared. The author has fortu- 
nately succeeded in obtaining the assistance of 
some of the former contributors to his work, thus 
Prof. C. G. Foster contributes two very clear arti- 
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cles on recent discoveries in electricity and heat, 
whilst Prof. Roscoe has written the articles on 
“Light and on Spectrum Analysis,” which give a 
very excellent resumé of the work done in these 
branches of science, and which, perhaps, might 
have been lengthened with advantage. The arti- 
cle on “ Proteids” is written by Prof. M. Foster, 
whose name is a sufficient guarantee for its excel- 
lence. Dr. Paul and Mr. Wanklyn have also con- 
tributed to the supplement, the latter having writ- 
ten on acetic ether (in part), on butyl alcohols, etc. 
The only possible objection to this outside help is, 
that, in some instances, undue prominence may be 
given to certain of the author’s theories or remarks, 
to the comparative overlooking or slighting of the 
work of other chemists. We must not, however, 
omit to speak in the highest terms of many of the 
articles contributed by Mr. Watts himself, such as 
the extremely clear and succinct account of the ar- 
omatic series as explained by Kekule’s hypothesis, 
the article “On Atomicity,” and many others too 
numerous to mention. We cannot give the volume 
greater praise than by saying it is quite equal to 
the former productions of the author. Since the 
publication of the last volume, the chemistry of the 
aromatic series seems to have usurped the principal 
attention of chemists, as we find by long articles on 
benzine, on its derivatives and homologues, no less 
than 45 pages being thus occupied; then again the 
substitution derivatives of benzoic acid and of phe- 
nol occupy a considerable space. Another subject 
which seems to have attracted a considerable amount 
of attention, and to have yielded very interesting 
results, is that of the alcohol cyanides and nitrites. 
An article on inorganic analysis, by Bunsen’s flame 
reactions, will be found of great interest, and will 
repay a considerable study. In fact, the whole vol- 
ume is most complete, and must be looked on with 
great satisfaction.— Nature. 


rows FOR BEGINNERS: AN INTRODUCTION 
TO THE Stupy oF PLAants. By MAxwELt T. 
MastTers,M. D., F.R.S. (London: Bradbury, Evans 
& Co., 1872.) 

This is in no sense a cram-book. To take the 
trouble of learning it by heart, page for page, would 
not suffice for any botanical examination with which 
we are acquainted. This is a great advantage in 
an elementary scientific work. Not only does it 
enable the author to be entirely independent of the 
favorite points of particular examiners; but it per- 
mits him to pursue his own method of developing 
the subject in the learner’s mind. In no science is 
this freedom of greater value than in botany. The 
text-books used and recommended by many teachers 
of botany would appear to have been especially de- 
signed to deter the intending student from the study 
of the science. Each teacher will no doubt have 
his own idea of the arrangement of his subject best 
calculated to interest the beginner, and to lead him 
on step by step to see the true dignity of the sci- 
ence. Dr. Masters’s is recommended by his own 
experience as a lecturer for many years to one of 
our Metropolitan hospitals. He commences by tak- 
ing in succession a series of flowers in the order in 
which they are to be met with as the spring unfolds 
—willow, poplar, ash, elm, tulip, hyacinth, apple, 
lilac, and so forth; and in plain and attractive lan- 
guage, bringing in technical terms at the outset only 
when necessary for the sake of accuracy, he explains 
the structure of their different parts, and the points 





in which they resemble or differ from one another. 
We heartily recommend “ Botany for Beginners” to 
teachers or parents who are desirous of interesting 
young persons in this science, and who can appre- 
ciate the value of a clearly-written, simple, and yet 
accurate elementary treatise.— Nature. 


HAND-BOOK OF SEWAGE UTILIZATION. By 
Uxuick RALPH BouRKE, Barrister-at-Law. 
(London: E. & F. N. Spon.) 

How best to dispose of sewage is, if not one of 
the most important, at least one of the best discuss- 
ed questions of the day. It is one, too, that curi- 
ously enough seems to be especially interesting to 
amateurs, as the number of pamphlets lately pub- 
lished, without further evidence, sufficiently testify. 
Here, for instance, is a capital little book on the 
snbject, by a barrister dating from King’s Bench 
Walk, in which, strange to say, the legal aspects 
of the question occupy but a page and a half, the 
remaining pages being devoted to as comprehensive 
a view as their number will admit of the various 
systems of sewage disposal attempted in England 
and elsewhere. It may seem incredible, but the 
author does not advocate a system of his own in 
preference to others, and for this we admit we are 
partial to him. We have but one fault to find with 
the book, it is not large enough ; 56 pages are not 
sufficient to do justice to the subject. Barristers 
are among the best précis writers, and Mr. Bourke 
has, in this case, given us the pith of many dry 

ges. To ordinary readers there may appear a 
little pedantry in the references to blue books and 
sanitary reports, being in the style of the law books, 
thus—1 R. P. C. 77,3 8. U. C. P. 198; but, if some- 
what unusual, there is economy of space in this. 
The general reader will find in Mr. Bourke’s little 
book as much information about sewage systems as 
he is likely to require. 


TREATISE ON THE THEORY OF FRICTION. 

By Joun H. JEvuertt, B. D., Senior Fellow of 
Trinity College, Dublin; President of the Royal 
Irish Academy. Dublin: Hodges, Foster & Co., 
Publishers to the University. London: Macmillan 
& Co., 1872. For sale by Van Nostrand. 

This work relates to the theory of friction, con- 
sidered as a part of rational mechanics, and in that 
respect it ditfers from previous treatises on friction, 
in all of which, so far as we know them, questions 
of practical or applied mechanics have alone been 
kept in view, and that even although mathematical 
methods of a high order have been employed, as in 
the researches of Coulomb, Poncelet, Morin, Mose- 
ley, Rankine, and others, on the efficiency of ma- 
chines and the stability of earthworks and masonry 
as affected by friction. 

In the work of Professor Jellett, on the other 
hand, the theory of friction is treated with a view, 
not to its practical application, but to the mathe- 
matical and dynamical principles which it involves; 
and the author, instead of choosing a series of ex- 
amples of machines and of structures, and showing 
how the force of friction affects the efficiency of 
each machine and the stability of each structure, 
begins by pointing out to what class the force of 
friction belongs, and how it is distinguished from 
another class of forces comprising gravity and elas- 
ticity ; and he then proceeds to show, step by step 
—advancing from elementary to complicated cases 
—how the consideration of friction affects the gen- 
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eral equations of the equilibrium and motion of 
material particles and of rigid bodies. 

The book supplies a want which has hitherto ex- 
isted in the science of pure mechanics; and, like 
other elucidations of the theory of science, there can 
be no doubt that it will sooner or later lead to im- 
provements in practice also.—Hngineer. 


MISCELLANEOUS. 


| =e IN CENTRAL Asta.—Mr. Shaw, British 

Commissioner in Ladak, in his “ Visits to 
High Tartary, Yarkand, and Kashghar (formerly 
Chinese Tartary),” recently published by Mr. Mur- 
ray, gives an interesting account of the primitive 
mineralogical processes in a country undoubtedly 
rich in underground wealth, which our traveller 
has done much to make available for the trade of 
British India. From him we learn that the iron 
smelting furnace is just like a dice-box 4 or 5 ft. 
high, with a roof over it, leaving an exit in the 
middle for the smoke. Round the dice-box, under 
the roof, sit 6 boys and girls blowing skin-bel- 
lows with each hand, 12 belows in all. An 
opening shows the glowing mass, with a stream of 
molten stuff slowly oozing downwards. A pit 2 
ft. deep shows the bricked-up door of the furnace, 
through which the metal is extracted daily. The 
ore is broken up by a man with a hammer, who 
keeps throwing it in at the chimney, while another 
supplies charcoal through the same opening. No 
third substance. Twenty charaks weight (16 Ibs. 
each) of ore, and the same quantity of charcoal, are 
used in the 24 hours; and the produce is 


about 4 charaks of iron. The metal is very good 
and fine-grained, looking almost like steel when 


made up into tools. The molten metal is allowed 
to cool fora whole night before the furnace is 
opened. The ore is a black-looking stone, got by 
digging from the mountains 15 miles off, which 
breaks square or with straight edges. Specimens 
of it may be seen in Mr. Shaw’s collection at the 
India Office Museum. In Toorkistan the most 
valuable production is Jade. The quarries are in 
lat. 36 deg. 18 min. N., and long. 78 deg. 15 min. 
E. The other mineral productions are copper, 
iron, lead, and gold. The copper is said to be found 
near Aksooi. The iron is got from the Kizil Tagh 
(Red Mountains), to the west of Yarkand, and is 
worked in the villages of Toblok Kizil—so called 
from the red color of the soil. Lead is got in 
some of the valleys near Sarikol. It is also said to 
have been worked near Kashghar. Koten is famous 
for its gold, of which there are several mines under 
the mountains near Kiria. This gold-field is pro- 
bably connected with that to the eastward of 
Roodok and Gortok, which was lately visited 
by one of Major Montgomerie’s Pundits. Gold is 
reported to exist in the mountains between these 
two scenes of mining operations. At Kiria, the 
shafts are sunk to some depth to reach the aurif- 
erous beds, of which the earth is brought up to the 
surface and washed in cradles. Mr. Shaw heard 
arumor of some substance resembling coal being 
foun in the jungles east of Yarkand. He thinks 
there is no doubt as to its existence in the 
mountains of Andijan near the town of Oosh. An 
Andijanee described it to him under the name of 
Tash-Kumur, which is equivalent to stone-charcoal, 





and certainly comes very near the French carbon 
de terre. 


MPROVEMENTS IN THE MANUFACTURE OF HO- 

MOGENEOUS METALS.—The usual monthly meet- 
ing of the London Association of Foremen Engi- 
neers was held at Cannon-street Station Hotel, on 
Feb. 8, when the President (Mr. Joseph Newton) 
announced that Mr. Galloway would introduce the 
subject of his patented invention for improvements 
in the manufacture of iron. Mr. G. B. Galloway 
then read the official copy of his patent for improve- 
ments in the manufacture of iron, which he de- 
nominated Iron-steel. The purification of the iron 
in its manufacture he proposes to accomplish by a 
specially prepared fuel, consisting of creosote and 
other dead oils, made into fuel witha mixture of 
duff coal breeze and the refuse of saw-mills and 
various waste materials and peat. This fuel will 
contain no sulphur, and will have the tendency to 
diminish the sulphur or phosphorus which ores 
generally contain, and, therefore, the first stage of 
manufacture will produce a purer process than 
when coals and coke are used. He also proposes 
to use zinc, tin, and lead in the mixture of metals, 
as may be required to produce the quality of iron 
wanted. He smelts by intensified heat. He proposes 
to obviate the necessity for puddling by arranging 
the blast, which is to be superheated air and steam, 
in different jet pipes, which are to enter into the cu- 
polas at various places. The air and steam pressure 
is to be varied and regulated by valve or stopcocks 
in the pipes, and the force of the blast will puddle 
up the iron. He also proposes that a branch pipe 
containing air and steam shallimpinge upon the 
metal, which, by a circuitous route, he allows to 
run from the furnace, and hy this process the iron 
will be further purified, and made into rolls or 
balls of the like consistency in heat, and thus be 
ready for the steam-hammer or the rolling-mill. 

The reading of the specification was most atten- 
tively listented to, and at its close was applauded. 

Mr. Galloway then said that it would be ob- 
served his patent specified a mode to make special 
qualities of homogeneous iron for ship and boiler 
plates, which iron would not be so much acted 
upon by the corroding action of water, and pos- 
sesses also other important properties of strength 
and toughness; and he also described the mode of 
making a special quality for armor-plates rolled to 
V form on the horizontal sectional view. This out- 
er form would be so tempered as cutting chisel 
steel that it would have the tendency to nullify or 
prevent the penetration of shot by breaking it up, 
while the mode of filling up the divisional spaces 
in the armor-plates with wood or other fibrous ma- 
terial would deaden and absorb the concussive ef- 
fect of shot, and that such description of armor 
might be easily affixed and satisfactorily construct- 
ed, that he hoped it was destined that Providence 
had made choice of him as the medium todo for 
and effect improvements in the mzaufacture of iron 
which in their results would confer as great com- 
mercial benefits as had been produced in the manu- 
facture of steel by that truly great inventor, Mr. 
Henry Bessemer. 


ME “ Engineer” states that the oxyhydric light 

has not proved a success in Paris, an1 that it 

has been discontinued in the public lamp3 on the 
Boulevard des I[taliens. 
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Rough nut =: 1 1-2 times diameter of bo!t -}- 1-3 inch. 
Finished nut = 1 1-2 times diameter of bolt - 1-16 inch, 
Thickness of rough nut == diameter of bolt. 

Thickness of finished nut = diameter of bo!t —1-16 inch, 


Diameter of rough head = 1 1-2 t!mes diameter of bolt -+- 1-8 inch. 
Diameter of finished head = 1 1-2 times diamcter of bolt -|- 1-16 inch. 


Thickness of rough head == one half distance between parallel sides of hoad. 


Thickness of finished head =. diameter of bo't — 1-16 inch, 
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RADIATION 


AT DIFFERENT TEMPERATURES. 


By CAPTAIN JOHN ERICSSON. 


From “ Nature.” 


Balfour Stewart states in his ‘“ Elementa- 
ry Treatise on Heat,” that ‘“ Newton was 
the first to enunciate his views on the cool- 
ing of bodies. He supposed that a heated 
body exposed to a certain cooling cause 
would lose at each instant a quantity of 
heat proportionate to the excess of its tem- 
perature above that of the surrounding air.” 
In order to prove the fallacy of Newton’s 
supposition, Prof. Stewart presents the fol- 
lowing extract from the work of MM. Du- 
long and Petit :— 


Excess of temperature 
of the thermometer. 


Velocity of cooling. 


“We see at once from this table,” says 
Prof. Stewart, “that the law of Newton 
does not hold, for according to it the velo- 
city of cooling for an excess of 200 deg. 
should be precisely double of that for an ex- 
cess of 100 deg.; now we find that it is more 
than three times as much.” 





energy or quantity of heat transmitted by the 
radiator. Consequently, the amount of en- 
ergy at 200 deg. is assumed to be = 
6.14 times greater than at 80 deg.; while, 
agreeably to Newton’s law, the increase of 
radiant energy should be proportional to 
the differential temperature, viz., _ =3 
times that of the tabulated temperature of 
80 deg. Modern research having estab- 
lished that radiant heat is energy amenable 
to the laws of dynamics, it may be demon- 
strated that the deviation from the Newto- 
nian doctrine assumed by Dulong and Petit, 
is groundless; but, before considering the 
theory, let us examine the practical result 
of recent elaborate experiments conducted 
with an apparatus containing the spherical 
radiator adverted to in the preceding article 
on Solar Temperature (vol. v., pp. 505-507). 
The accompanying illustration (Fig. 1) rep- 
resents a vertical section of the said appa- 
ratus, @ being a spherical vessel 5 in. in 
diameter, suspended within an exterior cas- 
ing 4, filled with water. A spherical radi- 
ator, c, 2.75 in. in diameter, composed of 
very thin copper, charged with water and 


‘coated with lamp-black, is sustained in the 
The author of | centre of the sphere a by means of tubes 


the “Elementary Treatise on Heat” thus as- | applied above and below. The upper tube 


sumes that the velocity of cooling established 
by Dulong and Petit, represents the radiant 
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| 


| 


is large enough to admit the bulb of a ther- 
mometer, the lower one being only sutffi- 





TABLE SHOWING RELATIVE PROPORTIONS FOR SCREW THREADS, 
NUTS AND BOLT HEADS. 


WM. SELLERS, 





SCREW THREADS. I} } § | BOLT HEADS, 





Threads per 
Inch, 
of Thread. 
Short Diameter 
Long Diameter 
Rough, 
Long Diameter 
Rough. 
Short Piameter 
Rough. 
Short Diameter 
Finish 
Long Diameter 
Rough. 
Long Diameter 
Rough. 


Diameter at root 
Width of Flat, 


E 
@ 
© 

















| | } | 
‘ 0062 1-2 | 7-16 37-64) 7-10 
+249} .0074 || 19-32] 17-32, 11-16) 10-12 
-291+| .0078 || 11-16) 5-3 | 56164 63-64) 
344; .0089 || 25-42) 23-"r 9-10, 1 7-64) 
-400} .0096 || 7-8 | 1 
454] .0104 
-507} .01i3 | 
-620} O15 |'L a 
-731) .0.38 d | x - 13-1t 


a3 


= 


HOMIES - 
SZ°L2FSE5 


i ee) 
toe 














| 
-837| .9156 
940) .OLTS 
065! .0178 
. 160; .0208 
. 2784) 0208 
889} .0297 
491} .0250 
-616| .0250 


| 
| 


712} .0277 
.96:| .0277 
-1°6| .0312 
426! .0312 | 


15-1¢| 
-s'1 1-1:|/ 
1 3h 
31 5-101 
» se 
1 9-11) !: 
L11-li||2 3-4 
‘ i lox 


= co 


_BRas ban 








oe 
£44 
lw tiene RK 
Co 08 Go Ce BS NS BD 
12>) oy et 
PASS EY Se 
2am 
Daw 
oe 
PER OME Gas 


a6 ¢ 

1 i 

oe 
oa 


ce Cobo bo bo ao bo 
i 
Cm com: 


Clie ied 
tooo 

_ 8 > - 
NWwweNN Kee 
_ 
Coco Co Cots oto 





1-8 
1-2 |: 
7-8 
1-4 


mw 
222 





2 629 .0357 
-879| .0.57 
109} .0484 
-317| 0413 


567) .041% 
-798| .04 5 
028 | .0454 
-256 | .0476 


1-2 | .480| .0500 |'7 5 i -32) ¥ 7 9-16) $8 27- 32) 10 49.643 13-16|4 15-16 

1-2 | 4.730] 0590 |/3 | a 5 32} - i 5 } |S 715-16) 9 9-32 11 25. 3-6/4 |§ 3-16 

3-8 953} .C526 : 7- ‘ 2/5 5) c 8 5-16) 9 23-3? 11 he \4 °-165 ig 

+8 | 5.705) .0526 su 16,10 ee 2 383 : j y : $11-16)i0 5-32'i2 jt &- 8/511- 

1-4 | 2 0555 |\9 1-15/10 19- —— 16 6 5 15-L¢|9 4 j-3 |9 1- os o 19-32 12 16. ie 4 e165 lé 18 
! } | i 


nb 





wR bon 








Rough nut =: 1 1-2 times diameter of bo!t -}- 1-3 inch. 
Finished nut = 1 1-2 times diameter of bolt -- 1-16 inch, 
Thickness of rough nut == diameter of bolt. 

Thickness of finished nut = diameter of bo!t —1-16 inch. 


Diameter of rough heal = 1 1-2 times diameter of bolt -!- 1-8 inch. 


Diameter of finished head = 1 1-2 times diamcter of belt -}- 1-16 inch. 


Thickness of rough head == one half distance between parallel sides of head. 


Thickness of finished head =- diameter of bo't — 1-16 inch, 
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